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PREFACE. 



It is belieyed the arrangement of the present work is superior 
to that of many of its predecessors, as a vehicle for the facili- 
tation of the student's progress. While it does not pretend to 
any other rank than as an introduction to the larger works, it 
is hoped that the arrangement of its matter is such that the 
beginner may more readily comprehend the entire subject of 
Blowpipe Analysis than if he were to begin his studies by the 
perusal of the more copious works of Berzelius and Plattner. 

When the student shall have gone through these pages, and 
repeated the various reactions described, then he will be fully 
prepared to enter upon the study of the larger works. To 
progress through them will then be but a comparatively easy 
task. 

The arrangement of this little work has been such as the 
author and his friends have considered the best that could be 
devised for the purpose of facilitating the progress of the 
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student. Whether we have succeeded is left for the public to 
decide. The author is indebted to several of his friends for 
yaluable contributions and suggestions. 

8. 

CUCIJIHATI, JuMy 1857. 



THE BLOWPIPE. 



Part First. 



THE USE OF THE BLOWPIPE. 

Perhaps daring the last fifty years, no department of chem- 
istry has been so enriched as that relating to analysis by means 
of the Blowpipe. 

Through the unwearied exertions of men of science, the nse 
of this instrnment has arrived to snch a degree of perfection, 
that we have a right to term its use, ** Analysis in the dry 
way," in contradistinction to analysis " in the toet way." The 
manipulations are so simple and expeditious, and the results so 
clear and characteristic, that the Blowpipe analysis not only 
verifies and completes the results of analysis in the wet way, 
but it gives in many cases direct evidences of the presence or 
absence of many substances, which would not be otherwise 
detected, but through a troublesome and tedious process^ 
involving both prolixity and time ; for instance, the detection 
of manganese in minerals. 

Many substances have to go through Blowpipe manipulations 
before they can be submitted to an analysis in the wet way. 

1* 



10 The Blowpipe. 

The apparatus and reagents employed are compendious and 
small in number, so that they can be carried easily while on 
scientific excursions, a considerable advantage for mineralogists 
and metallurgists. 

The principal operations with the Blowpipe may be ex- 
plained briefly as follows : 

(a.) By Ignition is meant the exposure of a substance to 
such a degree of heat, that it glows or emits light, or becomes 
red-hot. Its greatest value is in the separation of a volatile 
substance from one less volatile, or one which is entirely fixed 
at the temperature of the flame. In this case we only take 
cognizance of the latter or fixed substance, although in many 
instances we make use of ignition for the purpose of changing 
the conditions of a substance, for example, the sesqui-oxide 
of chromium (Cr»0') in its insoluble modification ; and as a 
preliminary examination for the purpose of ascertaining whether 
the subject of inquiry be a combination of an organic or inor- 
ganic nature. 

Tlie apparatus used for this purpose are crucibles of pla- 
tinum or silver, platinum foil, a platinum spoon, platinum wire 
or tongs, charcoal, glass tubes, and iron spoons. 

(b.) Sublimation is that process by which we convert a solid 
substance into vapor by means of a strong heat. These vapors 
are condensed by refrigeration into the solid form. It may be 
termed a distillation of a solid substance. Sublimation is of 
great consequence in the detection of many substances ; for 
nstance, arsenic, antimony, mercury, etc. 

The apparatus used for the purposes of sublimation consist 
of glass tubes closed at one end. 

(c.) Fusion. — ^Many substances when exposed to a certain 
degree of heat lose their solid form, and are converted into 
a liquid. Those substances which do not become converted 
into the liquid state by heat, are said to be infusible. It is a 
convenient classification to arrange substances into those which 
are fusible with difficulty, and those which are easily fusible. 
Very often we resort to fusion for the purpose of decomposing a 
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substance, or to cause it to enter into other combinations, by 
which means it is the more readily detected. If insoluble sub- 
stances are fused with others more fusible (reagents) for the 
purpose of causing a combination which is soluble in water and 
acids, the operation is termed wndosing. These substances are 
particularly the silicates and the sulphates of the alkaline 
earths. The usual reagents resorted to for this purpose are 
carbonate of soda (NaO, CO"), carbonate of potash (KO, 
CO'), or still better, a mixture of the two in equal parts. In 
some cases we use the hydrate of barytes (BaO, HO) and the 
bisulphate of potash (KO, 2S0*). The platinum spoon is 
generally used for this manipulation. 

Substances are exposed to fusion for the purpose of getting 
a new combination which has such distinctive characteristics 
that we can class it under a certain group ; or for the purpose 
of ascertaining at once what the substance may be. The re- 
agents used for this purpose are borax (NaO, 2BrO*) and 
the microcosmic salt (NaO, NH*0, PO*, HO). ' Charcoal 
and the platinum wire are used as supports for this Icind of 
operation. 

{d.) Oxidation, — ^The chemical combination of any substance 
with oxygen is termed oxidation, and the products are termed 
oxides. As these oxides hare qualities differing from those 
which are non-oxidized, it therefore frequently becomes neces- 
sary to convert substances into oxides ; or, if they are such, 
of a lower degree, to convert them into a higher degree of 
oxidation. These different states of oxidation frequently pre- 
sent characteristic marks of identity sufficient to enable us to 
draw conclusions in relation to the substance under examina- 
tion. For instance, the oxidation of manganese, of arsenic, etc. 
The conditions necessary for oxidation, are high temperature 
and the free admission of air to the substance. 

If the oxidation is effected through the addition of a sub- 
stance containing oxygen (for instance, the nitrate or chlorate 
of potash) and the heating is accompanied by a lively defla- 
gration and crackling noise, it is termed detonation. By this 
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process we freqaeatly e£fect the oxidation of a sabstance, and 
thus we prove the presence or the absence of a certain class 
of substances. For instance, if we detonate (as it is termed 
by the German chemists) the solphide of antimony, or the 
sulphide of arsenic with nitrate of potash, we get the nitrate 
of antimony, or the nitrate of arsenic. The salts of nitric or 
chloric acid are determined by fusing them with the cyanide 
of potassium, because the salts of these acids detonate. 

(e.) Redwdion. — If we deprive an oxidized substance of its 
oxygen, we term the process redibction. This is efifected by 
fusing the substance under examination with another which 
possesses a greater afi&nity for oxygen. The agents used 
for reduction are hydrogen, charcoal, soda, cyanide of potas- 
sium, etc. Substances generally, when in the unoxidized state, 
have such characteristic qualities, that they cannot very readily 
be mistaken for others. For this reason, reduction is a very 
excellent expedient for the purpose of discerning and classifying 
many substances. 



B. UTENSILS. 

We shall give here a brief description of the most necessary 
apparatus used for analysis in the dry way, and of their use. 

The Blowpipe is a small instrument, made generally out of 
brass, silver, or German silver, and was principally used in ear- 
lier times for the purpose of soldering small pieces of metals 
together. It is generally made in the form of a tube, bent at 
a right angle, but without a sharp corner. The largest one is 
about seven inches long, and the smallest about two inches. 
The latter one terminates with a small point, with a small 
orifice. The first use of the blowpipe that we have recorded 
is that of a Swedish mining officer, who used it in the year 1138 
for chemical purposes, but we have the most meagre accounts 
of his operations. In 1758 another Swedish mining officer, by 
the name of Gronstedt, published his *^ Use of the Blowpipe in 
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Chemistry and Mineralogy," translated into English, in 1170, 
by Van Engestroem. Bergman extended its use, and after 

Lim Ghan and the venerable Berzelins 
(1821). The blowpipe most generally 
used in chemical examinations is com- 
posed of the following parts : (JPl^. 1.) 
A is a little reservoir made air-tight by 
grinding "the part B into it. This re- 
servoir serves the purpose of retaining 
the moisture with which the air from 
the mouth is charged. A small coni- 
cal tube is fitted to this reservoir. 
This tube terminates in a fine ori- 
fice. As this small point is liable to 
get clogged up with soot, etc., it is bet- 
ter that it should be made of platinum, 
so that it may be ignited. Two of 
these platinum tubes should be supplied, 
differing in the size of the orifice, by 
which a stronger or lighter current 
of flame may be projected from it. 
Metals, such as brass or German sil- 
ver, are very liable to become dirty 
through oxidation, and when placed 
between the lips are liable to im- 
part a disagreeable taste. To avoid 
this, the top of the tube must be sup. 
plied with a mouthpiece of ivory 
or horn C. The blowpipe here repre- 
sented is the one used by Ghan, and 
approved by Berzelins. The trumpet mouthpiece was adopted 
by Plattner ; it is pressed upon the lips while blowing, which 
is less tiresome than holding the monthpiece between the lips, 
although many prefer the latter mode. 

Dr. Black's blowpipe is as good an instrument and cheaper. 
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It consists of two tubes, soldered at a right angle ; the larger 
one, into which the air is blown, is of sufiftcient capacity to 
serve as a reservoir. 

A chemist can, with a blowpipe and a piece pf charcoal, 
determine many substances without any reagents, thus enabling 
him, even when travelling, to make useful investigations with 
means which are always at his disposal. There are pocket 
blowpipes as portable as a pencil case, such as Wollas ton's 
and Mitscherlich's ; these are objectionable for continued 
use as their construction requires the use of a metallic 
mouthpiece. Mr. Casamajor, of New York, has made one 
lately which has an ivory mouthpiece, and which, when in use, 
is like Dr. Black's. 

The length of the blowpipe is generally seven or eight 
inches, but this depends very much upon the visual angle of 




the operators. A short-sighted person, of course, would 
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require an mstrument of less length than would suit a far- 
sighted person. 

The purpose required of the blowpipe is to introduce a fine 
current of air into the flame of a candle or lamp, by which a 
higher degree of heat is induced, and consequently combustion 
is more rapidly accomplished. 

By inspecting the flame of a candle burning under usual 
circumstances, we perceive at the bottom of the flame a por- 
tion which is of a light blue color (aft). Fig. 2, which gra- 
dually diminishes in size as it recedes from the wick, and disap- 
pears when it reaches the perpendicular side of the flame. In 
the midst of the flame there is a dark nucleus with a conical 
form (c). This is enveloped by the illuminating portion of the 
flame {d). At the exterior edge of the part d we perceive a 
thin, scarcely visible veil, a, «, c, which is broader near the 
apex of the flame. The action of the burning candle may be 
thus explained. The radiant heat from the flame melts the 
tallow or wax, which then passes up into the texture of the 
wick by capillary attraction until it reaches the glowing wick, 
where the heat decomposes the combustible matter into carbo- 
nated hydrogen (C*H*), and into carbonic oxide (CO). 

While these gases are rising in hot condition, the air comes 
in contact with them and effects their combustion. The dark 
portion, c, of the flame is where the carbon and gases have not 
a sufficiency of air for their thorough combustion ; but gra- 
dually they become mixed with air, although not then sufficient 
for complete combustion. The hydrogen is first oxidized or 
burnt, and then the carbon is attacked by the air, although par- 
ticles of carbon are separated, and it is these, in a state of 
intense ignition, which produce the illumination. By bringing 
any oxidizable substance into this portion of the flame, it oxi- 
dizes very quickly in consequence of the high temperature and 
the free access of air. For that reason this part of the 
flame is termed the oxidizing flame, while the illuminating por- 
tion, by its tendency to abstract oxygen for the purpose of 
complete combustion, easily reduces oxidated substances 
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brought into it, and it is, therefore, called the flame of reduc- 
tion. In the oxidizing flame, on the contrary, all the carbon 
which exists ia the inteiior of the flame is oxidized into 
carbonic acid (CO*) and carbonic oxide (CO), while the 
blue color of the cone of the flame is caused by the complete 
combustion of the carbonic oxide. These two portions of the 
flame — ^the oxidizing and the reducing — are the principal 
agents of blowpipe analysis. 

If we introduce a fine current of air into a flame, we notice 
the following : The air strikes first the dark nucleus, and forc- 
ing the gases beyond it, mixes with them, by which oxygen is 
mingled freely with them. This effects the complete combus- 
tion of the gases at a certain distance from the point of the 
blowpipe. At this place the flame has the highest tempera- 
ture, forming there the point of a blue cone. The illuminated 
or reducing portion of the flame is enveloped outside and 
inside by a very hot flame, whereby its own temperature is so 
much increased that in this reduction-flame many substances 
will undergo fusion which would prove perfectly refractory ia 
a common flame. The exterior scarcely visible part loses its 
form, is diminished, and pressed more to a point, by which its 
beating power is greatly increased. 

Tht Blast of Air, — By using the blowpipe for chemical pur- 
poses, the effect intended to be produced is an uninterrupted 
steady stream of air for many minutes together, if necessary, 
without an instant's cessation. Therefore, the blowing can 
only be effected with the muscles of the cheeks, and not by the 
exertion of the lungs. It is only by this means that a steady 
constant stream of air can be kept up, while the lungs will not 
be injured by the deprival of air. The details of the pro- 
per manner of using the blowpipe are really more difficult to 
describe than to acquire by practice ; therefore the pupil is 
requested to apply himself at once to its practice, by which he 
will soon learn to j^roduce a steady current of air, and to dis- 
tinguish the different flames from each other. We would 
simply say that the tongue must be applied to the roof of the 
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moatby so as to interrupt the commanicatioQ between the 
passage of the nostrils and the mouth. The operator now fills 
his month with air, which is to be passed through the pipe by 
compressing the mnscles of the cheeks, while he breathes 
through the nostrils, and uses the palate as a valve. When 
the mouth becomes nearly empty, it is replenished by the 
lungs in an instant, while the tongue is momentarily withdrawn 
from the roof of the mouth. The stream of air can be continued 
for a long time, without the least fatigue or injury to the lungs. 
The easiest way for the student to accustom himself to the 
use of the blowpipe, is first to learn to fill the mouth with air, 
and while the lips are kept firmly closed to breathe freely through 
the nostrils. Having effected this much, he may introduce the 
mouthpiece of the blowpipe between his lips. By inflating the 
cheeks, and breathing through the nostrils, he will soon learn 
to use the instrument without the least fatigue. The aur is 
forced through the tube against the flame by the action of the 
muscles of the cheeks, while he continues to breathe without 
intermption through the nostrils. Having become acquunt«d 
with this process, it only requires some practice to produce a 
steady jet of flame. A defect in the nature of the combustible 
used, as bad oil, such as fish oil, or oil thickened by long stand- 
ing or by dirt, dirty cotton wick, or an nntrimmed one, or a 
dirty wickholder, or a want of steadiness of the hand that 
holds the blowpipe, will prevent a steady jet of flame. But 
frequently the fault lies in the orifice of the jet, or too small 
a hole, or its partial stoppage by dirt, which will prevent a 
steady jet of air, and lead to difficulty. With a good blowpipe 
the air projects the entire flame, forming a horizontal, blue 
cone of flame, which converges to a point at about an inch from 
the wick, with a larger, longer, and more luminous flame 
enveloping it, and terminating to a point beyond that of the 

blue flame. 
To produce an efficient flame of oxidation, put the point 

of the blowpipe into the flame about one third the diameter 

of the wick, and about one twelfth of an inch above it. This, 
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however, depends upon the size of the flame nsed. Blow strong 
enongh to keep the flame straight and horizontal, nsing the 
largest orifice for the purpose. Upon examining the flame 
thos produced, we will observe a long, blue flame, a 5, Fig. 3, 
which letters correspond with the same letters in Fig. 2. Bat 
this flame has changed its form, and contains all the combus- 
tible gases. It forms now a thin, blue cone, which converges 
to a point about an inch from the wick. This point of the 




flame possesses the highest intensity of temperature, for there 
the combustion of the gases is the most complete. In the 
original flame, the hottest part forms the external envelope, 
but here it is compressed more into a point, forming the cone 
of the blue flame, and likewise an envelope of flame surround- 
ing the blue one, extending beyond it from a to c, and present- 
ing a light bluish or brownish color. The external flame has 
the highest temperature at ^, but this decreases from d to c. 

If there is a very high temperature, the oxidation is not 
effected so readily in many cases, unless the substance is removed 
a little from the flame ; but if the heat be not too high, it is 
readily oxidized in the flame, or near its cone. If the current 
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of air is blown too freely or violently into the flame, more air is 
forced there than is sufficient to consume the gases. This 
superfluous air only acts detrimentally, by cooling the flame. 

In general the operation proceeds best when the substance is 
kept at a dull red heat. The blue cone must be kept free from 
straggling rays of the yellow or reduction flame. K the analy- 
sis be effected on charcoal, the blast should not be too strong, 
as a part of the coal would be converted into carbonic oxide, 
which would act antagonistically to the oxidation. The oxida- 
tion flame requires a steady current of air, for the purpose of 
keeping the blue cone constantly of the same length. For the 
purpose of acquiring practice, the following may be done : 
Melt a little molybdenic acid with some borax, upon a platinum 
wire, about the sixteenth of an inch from the point of the blue 
cone. In the pure oxidation flame, a clear yellowish glass is 
formed ; but as soon as the reduction flame reaches it, or the 
point of the blue cone touches it, the color of the bead changes 
to a brown, which, finally, after a little longer blowing, becomes 
quite dark, and loses its transparency. The cause of this is, 
that the molybdenic acid is very easily reduced to a lower 
degree of oxidation, or to the oxide of molybdenum. The 
flame of oxidation will again convert this oxide into the acid, 
and this conversion is a good test of the progress of the student 
in the use of the blowpipe. In cases where we have to sepa- 
rate a more oxidizable substance from a less one, we use with 
success the blue cone, particularly if we wish to determine whe- 
ther a substance has the quality, when submitted to heat in the 
blue cone, of coloring the external flame. 

A good reduction flame can be obtained by the use of a small 
orifice at the point of the blowpipe. In order to produce such 
a flame, hold the point of the blowpipe higher above the wick, 
while the nozzle must not enter the flame so far as in the pro- 
duction of the oxidation flame. The point of the blowpipe 
should only touch the flame, while the current of air blown into 
it must be stronger than into the oxidation flame. If we pro- 
ject a stream, in the manner mentioned, into the flame, from 
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the smaller side of the wick to the middle, we shall perceive the 
flame changed to a loDg, narrow, Imninoos cone, a b, Fig. 4, 





the end a of which is enveloped by the same dimly visible blae- 
ish colored portion of the flame a, c, which we perceive in the 
original flame, with its point at c. The portion close above the 
wick, presenting the daU appearance, is occasioned by the rising 
gases which have not supplied to them enough oxygen to con- 
sume them entirely. The hydrogen is consumed, while the 
carbon is separated in a state of bright ignition, and forms the 
internal flame. 

Directly above the wick, the combustion of the gases is least 
complete, and forms there likewise, as is the case in the free 
flame, a dark blue nucleus d. 

If the oxide of a metal is brought into the luminous portion 
of the flame produced as above, so that the flame envelopes the 
substance perfectly, the access of air is prevented. The par- 
tially consumed gases have now a strong affinity for oxygen, 
under the influence of the intense heat of that part of the flame. 
The substance is thus deprived of a part, or the whole, of its 
oxygen, and becomes rediiced according to the strength of the affin- 
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[ty ffhicli the sabatance itself has for oxygen. If tbe redactiou 
of a snbstance is undertaken on platinnm, by fadon with a flux, 
and if the oxide is difficult to reduce, the reduction will be 
completely effected only in tbe laminona part of the flame. 
But if a substance be reduced on charcoal, the reductiou will 
take place in tbe bine part of the flame, as long as the access of 
fur is cut off ; bnt it is the Inmiuoas part of the flame which 
really poasesaes the greatest redacing power. 

Tbe following should be observed in order to procure a good 
reduction flame : 

Tbe wick should not be too long, that it may make a smoke, 
nor too short, otherwise the flarae will be too small to produce 
a heat strong enough for reduction. 

The wick must be free from all loose threads, and from char- 
coal. 

The blast should be continued for a considerable time with- 
out intermiasiou, otherwise reduction cannot be effected. 

For the purpose of acquiring practice, the student may fuse 
the oside of manganese with borax, upon a platinum wire, in 
the oxidation flame, when a violet-red glass will be obtained ; 
or if too much of the oxide be used, a glass of a dark color and 
op^ne will be obtained. By anbniitting this glass to the 
reduction flame, it will become colorless in coirespoudeDce to 
the perfection with which the flame is produced. Or a piece 
of tin may be fused upon charcoal, and kept in that state for a 
considerable time, while it presents tbe appearance of a bright 
metal on the surface. This will require dexterity in the opera- 
tor ; for, if the oxidation flame should chance to tonch the 
bright metal only for a moment, it is coated with an infusible 
oxide. 

OouBUSTtoH. — Any flame of sufficient size can be used for 
blowpipe operations. It may be either the flarae of a candle 
of tallow or wax, or the flame of a lamp. The flame of a wax 
candle, or of an oil lamp is most generally used. Sometimes a 
lamp is used filled with a solution of spirits of turpentine in 
strong alcohol. If a candle is used, it is well to cut the wick 
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off short, and to b^nd the wick a little toward the snbstaDce 
experimented upon. But candles are not the best for blowpipe 
operations, *as the radiant heat, reflecting from the substance 
upon the wax or tallow, will cause it to melt and run down the 
side of the candle ; while again, candles do not give heat 
enough. The lamp is much the most desirable. The subjoined 
figure, from Berzelius, is perhaps the best form of lamp. It is 




Fig. 5. 



made of japanned tin-plate, about four inches in length, and has 
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the form and arrangement represented in Fig. 6. K is the lamp, 
fastened on the stand, S, by a screw, C, and is movable upwards 
or downwards, as represented in the figure. The posterior end of 
the lamp may be abont one inch square, and at its anterior end, E, 
about three-quarters of an inch square. The under side of this box 
may be round, as s«en in the figure. The oil is poured into the 
orifice, A, which has a cap screwed over it. C is a wick- 
holder for a flat lamp-wick, a is a socket containing the wick, 
which, when not in nse, is secured from dirt by the cap. The 
figures B and a' give the forms of the cap and socket. The 
best combustible for this lamp is the refined rape-seed oil, or 
pure sweet oil. When this lamp is in use, there must be no 
loose threads, or no charcoal on the wick, or these will produce 
a smoky flame. The wick, likewise, should not be pulled up 
too high, as the same smoky flame would be produced. 

The Spirit-Lamp. — This is a short, strong glass lamp, with 
a cap, B, Pig. 6, fitted to it by grinding, to prevent the ova- 




Fig. 6. 



poration of the alcohol. The neck a contains a tube C, made 
of silver, or of tin plate, and which contains the wick. Brass 
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would not answer so well for this tube, as the spirits wonld 
oxidize it, and thus impart color to the flame. The wickholder 
most cover the edge of the neck, bnt not fit tight within the 
tube, otherwise, by its expansion, it will break the glass. It 
is not necessary that alcohol, very highly rectified, should be 
burnt in this lamp, although if too much diluted with water, 
enough heat will not be given out. Alcohol of specific gravity 
0.84 to 0.86 is the best. 

This lamp is generally resorted to by blowpipe analyst's, for 
the purpose of experiments in glass apparatus, as the oily com- 
bustibles will coat the glass with soot. Some substances, when 
. exposed to the dark part of the flame, become reduced and, in 
statu nasceridif evaporated ; but by passing through the exter- 
nal part of the flame, they become oxidized again, and impart 
a color to the flame. The spirit flame is the most efficient one 
for the examination of substances the nature of which we wish 
to ascertain through color imparted to the flame, as that of 
the spirit-lamp being colorless, is, consequently, most easily 
and thoroughly recognized by the slightest tinge imparted to it. 

It is necessary that in operating with such minute quanti- 
ties of substances as are used in blowpipe analysis, that they 
should have some appropriate support. In order that no false 
results may ensue, it is necessary that the supports should be of 
such a nature that they will not form a chemical combination 
with the substance while it is exposed to fusion or ignition. 
Appropriate supports for the diflferent blowpipe experiments are 
charcoal, platinum instruments, and glass tubes. 

{a,) Charcoal, — The value of charcoal as a support may be 
stated as follows : 

1. The charcoal is infusible, and being a poor conductor of 
heat, a substance can be exposed to a higher degree of heat 
upon it than upon any other substance. 

2. It is very porous, and therefore allows easily fusible sub- 
stances (such as alkalies and fluxes) to pass into it, while other 
substances less fusible, such as metals, to remain unabsorbed. 

3. It has likewise a great reducing power. 
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The best kind of charcoal is that of pinewood, linden, i¥illow, 
or alderwood, or any other soft wood. Coal from the firwood 
sparkles too freelj, while that of the hard woods contains too 
much iron in its ashes. Smooth pieces, free from bark and 
knots, should be selected. It shoold be thoroughly burnt, and 
the annual rings or growths should be as close together 'as 
possible. 

If the charcoal is in masses, it should be sawed into pieces 
about six inches in length by about two inches broad, but so 
that the year-growths run perpendicular to the broadest side, 
as the other sides, by their unequal structure, burn unevenly. 

That the substance under examination may not be carried 
off by the blast, small conical concaTities should be cut in the 
broad side of the charcoal, between the year-growths, with a 
conical tube of tin plate about two or three inches long, and 
one quarter of an inch at one end, and half an inch at the 
other. These edges are made sharp with a file. The widest 
end of this charcoal borer is used for the purpose of making 
cavities for cupellation. 

In places where the proper kind of charcoal is difficult to 
procure, it is economical to cut common charcoal into pieces 
about an inch broad, and the third of an inch thick. In each 
of these little pieces small cavities should be cut with the small 
end of the borer. When these pieces of charcoal are required 
for use, they must be fastened to a narrow slip of tin plate, 
one end of which is bent into the form of a hook, under which 
the plate of charcoal is pushed. 

In general, we use the charcoal support where we wish to 
reduce metallic oxides, to prevent oxidation, or to test the 
fusibility of a substance. There is another point to which we 
would direct the student. Those metals which are volatile in 
the reduction flame, appear as oxides in the oxidation flame. 
These oxides make sublimates upon the charcoal close in the 
vicinity of the substance, or where it rested, and by their pecu- 
liar color indicate pretty correctly the species of minerals ex- 
perimented upon. 

3 
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(b,) Platinum Supports, — The metal platinum is infusible in 
the blowpipe flame, and is sach a poor conductor of heat that 
a strip of it may be held close to that portion of it which is 
red hot without the least inconrenience to the fingers. It is 
necessary that the student should be cognizant of those sub- 
stances which would not be appropriate to experiment upon 
if placed on platinum. ' Metals should not be treated upon 
platinum apparatus, nor should the easily reducible oxides, 
sulphides, nor chlorides, as these substances will combine with 
the platinum, and thus render it unfit for further use in analysis. 

(c.) Flatinum Wire, — As the color of the flame cannot be 
well discerned when the substance is supported upon charcoal, 
in consequence of the latter furnishing false colors, by its own 
reflection, to the substances under examination^ we use plati- 
num wire for that purpose, when we wish to examine those 
substances which give indications by the peculiar color which 
they impart to fluxes. The wire should be about as thick 
as No. 16 or 18 wire, or about 0.4 millimetre, and 
cut into pieces about from two and a half to three inches 
in length. The end of each piece is crooked. In order 
that these pieces should remain clear of dirt, and ready 
for use, they should be kept in a glass of water. To use 
them, we dip the wetted hooked end iiito the powdered flux 
(borax or microcosmic salt) some of which will adhere, when 
we fuse it in the flame of the blowpipe to a bead. This bead 
hanging in the hook, must be clear and colorless. Should 
there not adhere a sufficient quantity of the flux in the first 
trial to form a bead sufficiently large, the hook must be dipped 
a second time in the Qux and again submitted to the blowpipe 
flame. To fix the substance to be examined to the bead, it is 
necessary, while the latter is hot, to dip it in the powdered 
substance. If the hook is cold, we moisten the powder a little, 
and then dip the hook into it, abd then expose it to the oxida- 
tion flame, by keeping it exposed to a regular blast until the 
substance and the flux are fused together, and no further alter- 
ation is produced by the flame. 
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The platinum wire can be used except where redaction to 
the metallic state is required. Every reduction and oxidation 
experiment, if the results are to be known by the color of the 
fluxes, should be effected upon platinum wire. At the termina- 
tion of the experiment or inyestigation, if it be one, to clean 
the wire, place it in water, which will dissolve the bead. 

(d,) Platinum Foil. — For the heating or fusing of a substance, 
whereby its reduction would be avoided, we use platinum foil 
as a support. This foil should be of the thickness of good 
writing paper, and from two and a half to three inches long, 
by about half an inch broad, and as even and smooth as possi- 
ble. If it should become injured by long use, cut the injured 
end off, and if it should prove too short to be held with the 
fingers, a pair of forceps may be used to grasp it, or it may be 
placed on a piece of charcoal 

(e.) Flatinum Spoon, — ^When we require to fuse substances 
with the acid sulphate of potash, or to oxidize them by 
detonation with nitrate of potash, whereby we wish to preserve 
the oxide produced, we generally use a little spoon of plati- 
num, about from nine to fifteen millimetres * in diameter, and 
shaped as represented in Fig. 1. The handle of this spoon is 
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likewise of platinum, and should fit into a piece of cork, or be 
held with the forceps. 

(/.) Platinum Forces or Tongs, — ^We frequently are neces- 
sitated to examine small splinters of metals or minerals 
directly in the blowpipe flame. These pieces of metallic sub- 
stances are held with the forceps or tongs represented as ir. 



* The French millimetre Is aboat Uie twenty-fifth p«rt of an English inch. 
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Fig* 8, where a c is formed of steel, and a a are platinum 
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bars inserted between the steel plates. At 6 & are knobs 
which by pressure so separate the platinum bars a a, that any 
small substance can be inserted between them. . 

(g.) Iron Spoons. — For a preliminary examination iron spoons 
are desirable. They may be made of sheet iron, about 
one-third of an inch in diameter, and are very useful in many 
examinations where the use of platinum would not be 
desirable. 

(A.) Glass Twhes, — For the separation and recognition of 
volatile substances before the blowpipe flame, we use glass 
tubes. These should be about one-eighth of an inch in diame- 
ter, and cut into pieces about fire or six inches in length. 
These tubes should have both ends open. 

Tubes are of great value in the examination of volatile sub- 
stances which require oxidizing or roasting, and heating with 
free access of air. Also to ascertain whether a substance 
under examination will sublimate volatile matter of a certain 
appearance. Such substances are selenium, sulphur, arsenic, 
antimony, and tellurium. These substances condense on a cool 
part of the tube, and they present characteristic appearances, or 
they may be recognized by their peculiar smell. These tubes 
must be made of the best kind of glass, white and difficult of 
fusion, and entirely free from lead. The substance to be 
examined must be pat in the tube near one end, and exposed 
to the flame of the blowpipe. The end containing the sub- 
stance must be held lower than the other end, and must be 
moved a little over the spirit-lamp before a draught of air is 
produced through the tube. It is a good plan to have a number 
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of these tubes on hand. After having used a tabe we cat off 
that end of it which contained the substance, with a file, and 
clean it from the sublimate, either by heating it oyer the 
spirit-lamp, or with a piece of paper wound around a wire. It 
sometimes happens that the substance falls out of the tube 





Fig. 9. 
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before it becomes safBciently melted to adhere to the glass. 
To obviate this, we bend the tube not far from the end, at an 
obtose angle, and place the substance in the angle, whereby 
the tnbe may be lowered aa mach as necessary. Fig. 9 will 
give the stndent a comprehenaon of the processes described, 
and of the manner of bending the tnbes. 

(t.) Glats Tuba dosed at om ETid.^f we wish to expose 
volatile sabstances to heat, with the exclusion of air as mach 
as possible, or to ascertain the contents of water, or other 
volatile flnids, or for the purpose of heating snbstances which 
will decrepitate, we use glass tubes closed at one end. These 
tabes must be aboot one-eighth of an inch wide, and from 
two to three inches in length. They should be made of white 
glass, difficult of fusion, and free from lead. They should be 
closed at one end, as figured in the margin, Fig. 10. 



When a eahstance is to be esamfned for the purpose of 
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ascertaining whether it contains combnstible matter, as snlphnr 
or arsenic, and where we wish to avoid oxidation, we use these 
tabes without extending the closed end, in order that there 
may be as little air admitted as possible, as is represented in 
tube B. Bat when a substance to be examined is to be tested 
for water, or other incom'bustible volatile matters, we employ 
tubes with little bulbs blown at one end, such as represented ^t 
tube A. Here there is room for a circnlation of air at the bot- 
torn of the tube, by which the volatile matter rises more easily. 
In some cases, it is necessary to draw the closed end out to a 
fine point, as in the tubes C and D. Either one or the other of 
these tubes is employed, depending upon the nature of the sub- 
stance used. The sublimates condense at the upper part of the 
tube a, and can be there ^amined and recognized. These tubes, 
before being used, must be thoroughly dried and cleaned. In 
experimenting with them, they should not be exposed at once 
to the hottest part of the flame, but should be submitted to the 
heat gradually. If the substance is of such a nature that it 
wUl sublime at a low heat, the tube should be held more hori- 
zontal, while a higher heat is attained by bringing the tube to 
a more vertical position. 



VARIOUS APPARATUS NECESSARY. 

Edulcorator or WashiTig Bottle. — Take a glass bottle of the 
capacity of about twelve ounces, and close the mouth of it very 
tight with a cork, through which a short glass tube is fitted 
airtight. The external end of this tube is drawn out to a 
point, with a very fine orifice. The bottle should be filled 
about half full of water. By blowing air into the bottle 
through the tube, and then turning it downwards, the com- 
pressed air will expel a fine stream of water through the fine 
orifice with considerable force. We use this washing bottle, 
Fig. 11, for the purpose of rinsing the small particles of coal 
from the reduced metals. 
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Agate Mortar and Pestlt. — ^Tbis mortar is used for tbe purpose 
of palrermng hard sabstancee, and for mimg fluxes. As this 
mortar will not yield to abrasion, there is no danger of any 
foreign matter becoming mixed with the substance pnlTerized 
in it. It shonld be cleaned i^r use with pumice atone. Steel 
mortars are very useful for the pnlTerization of hard bodies ; 
bat for all those snbatancea which require great care in their 
analysis, and which can be obtamed in very minnte qaantity, 
the agate mortar alone should be used. 

A hammer made of steel is necessary. This shonld have the 
edge sqnare. 

A small anvil, polished on the snrface, is also required. It is 
iireqnently nsed to test the malleability of metals. 

A hdfe, for the pnrpose of ascertaining the hardness of mine- 
rals. 

The stadent shonld also be provided with several three-edged 
files, and likewise with some flat ones. 

A mia-oKope, an instrument with two lenses, or with such a 
combination <^ lenses, that they may be used double or dngle. 
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is frequently necessary for the examination of blowpipe ezperi* 
ments, or the reaction of the flaxes. Common lenses, howso- 
ever cheap they may be, are certainly not recommended. A 
microscope with achromatic lenses can now be purchased so 
cheap that there is no longer any necessity of procnring one 
with the common lens. Besides, there is no reliability whaterer 
to be placed in the revelations of the common lens ; while on 
the contrary, the deceptive appearances which minute objects 
assume beneath such lenses are more injurious than otherwise. 
A small cheap set of magnifying glasses are all that is required 
for the purpose of blowpipe analysis. Fig. 12. 
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A small magnet should be kept on hand, for the purpose of 
testing reduced metals. 

Nippers, for the purpose of breaking off pieces of minerals 
for analysis, without injuring the entire piece, are indispensable, 
Fig 13. 




Fig. 18. 



A pair of scissors is required to trim the wick of the lamp» 
and for the trimming of the edge of platinum foil. 

2* 
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A small spatula shonld be kept for the purpose of mixing 
sabstances with flaxes. 



THE REAGENTa 

Those sabstances which possess the property of acting upon 
other sabstances, in such a characteristic manner that they can 
be recognized, either by their color, or "by their effervescence, 
or by the pecnliar precipitation produced, are termed reagents. 
The phenomena thus prodaced is termed reaction. We use 
those reagents, or tests, for the parpose of ascertaining the. 
presence or the absence of certain substances, through the 
peculiar phenomena produced when brought in contact with 
them. 

The number of reagents employed in blowpipe analysis is not 
great, and therefore we shall here give a brief description of their 
preparation and use. It is indispensably necessary that they 
should be chemically pure, as every admixture of a foreign sub- 
stance would only produce a false result. Some of them have 
a strong af&nity for water, or are deliquescent, and consequently 
absorb it greedily from the air. These must be kept in glass 
bottleSy with glass stoppers, fitted air-tight by grinding. 

A. REAGENTS OF GENERAL USE. 

1. Carbonate of Soda. — (NaO, CO") Wash the bicarbonate 
of soda (NaO, 2C0') upon a filter, with cold water, until the 
filtrate ceases to give, after neutralization with diluted nitric 
acid (NO*), a precipitate with nitrate of baryta, (BaO, NO*), 
or nitrate of silver, (AgO, NO*). That left upon the filter 
we make red hot in a platinum, silver, or porcelain dish. One 
atom of carbonic acid is expelled, and the residue is carbonate 
of soda. 

A solution of soda must not be changed by the addition of 
sulphide of ammonium. And when neutralized with hydro- 
chloric acid, and evaporated to dryness, and again dissolved 
in water, there must be no residue left. 
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Garbooate of soda is an excellent agent in reduction, in 
consequence of its easy fusibility, whereby it causes the close 
contact of the oxides with the charcoal support, so that the 
blowpipe flame can reach every part of the substance under 
examination. 

For the decomposition and determination of insoluble sub- 
stances, particularly the silicates, carbonate of soda is indis- 
pensable. But for the latter purpose, we use with advantage 
a mixture of ten parts of soda and thirteen parts of dry car- 
bonate of potash, which mixture fuses more easily than the 
carbonate of soda alone. 

2. Hydrate of Baryta (BaO, HO)." — ^This salt is used some- 
times for the detection of alkalies in siUcates. Mix one part 
of the substance with about four parts of the hydrate of baryta, 
and expose it to the blowpipe flame. The hydrate of baryta 
combines with the sUicic acid, and forms the super-basic silicate 
of baryta, while the oxides become free. The fused mass must 
be dissolved in hydrochloric acid, which converts the oxides 
into chlorides. Evaporate to dryness, and dissolve the residue 
in water. The silicic acid remains insoluble. 

The hydrate of bjaryta is prepared by mixing six parts of 
finely powdered heavy-spar (BaO, S0«) with one part of char- 
coal and one and a half parts of wheat flour, and exposing 
this mixture in a Hessian crucible with a cover to a strong and 
continuous red heat. The cooled chocolate-brown mass must 
be boiled with twenty parts «f water, and, while boiling, there 
must be added the oxide of copper in sufficient quantity, or 
until the liquid will not impart a black color to a solution of 
acetate of lead (PbO, A). The liquid must be filtered while 
hot, and as it cools the hydrate of baryta appears in crystals. 
These crystals must be washed with a little cold water, and 
then heated at a low temperature in a porcelain dish until the 
crystal water is expelled. The hydrate of baryta melts by a 
low red heat without losing its water of hydration. 

3. Bisidphate of Potassa (KO, 2S0*).— At a red heat the 
half of the sulphuric acid of this salt becomes free, and thus 
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separates and expels volatile substances, by which we can 
recognize lithium, boracic acid, nitric acid, fluoric acid, bromine, 
iodine, chlorine ; or it decomposes and reveals some other 
compounds, as, for instance, the salts of the titanic, tantalic 
and tungstic acids. The bisulphate of potash is also used for 
the purpose of converting a substance into sulphate, or to free 
it at once from certain constituents. These sulphates are dis- 
solved in water, by which we are enabled to effect the sepa- 
ration of its various constituents. 

Preparation. — ^Two parts of coarsely powdered sulphate of 
potash are placed in a porcelain crucible, and one part of pure 
sulphuric add is poured 6ver it. Expose this to heat over the 
spirit-lamp, until the whole becomes a dear liquid. The cooled 
mass must be of a pure white color, and may be got out of the 
crudble by inverting it. It must be kept in a fine powder. 

4. Oxalate of Fotassa (KO, 0). — ^Dissolve Irioxidate of pot- 
ash in water, and neutralize with carbonate of potash. Evapo- 
rate the solution at a low heat to dryness, stirring constantly 
towards the close of the operation. The dry residue is to be 
kept in the form of a powder. 

The oxalate of potash, at a low red heat, eliminates a consid- 
erable quantity of carbonic oxide, which, having a strong 
affinity for oxygen, with which it forms carbonic acid, it is 
therefore a powerful agent of reduction. It is in many cases 
preferable to carbonate of soda. 

5. Cyamde of Potassium (Cy,*K). — In the dry method of 
analysis, this salt is one of the most efficient agents for the 
reduction of metallic oxides. It separates not only the metals 
from their oxygen compounds, but likewise from their sulphur 
compounds, while it is converted through the action of the 
oxygen into carbonate of potash, or, in the latter case, combines 
with the sulphur and forms the sulphureted cyanide of potassium. 
This separation is facilitated by its easy fusibility. But in 
many cases it melts too freely, and therefore it is better to mix 
it, for blowpipe analysis, with an equal quantity of soda. This 
mixture has great powers of reduction, and it is easily ab- 
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8<Mrbed by the charcoal, while the globules of reduced metal 
are visible in the greatest pnritj. 

Preparation. — ^Deprive the ferrocyanide of potassinm (2KCy 
+FeCy) of its water by heating it over the spirit-lamp 
in a porcelain dish. Mix eight parts of this anhydrous salt 
with three parts of dry carbonate of potash, and fase the 
mixture by a low red heat in a Hessian, or still better, in an 
iron crucible with a corer, imtil the mass flows quiet and clear, 
and a sample taken up with an iron spatula appears perfectly 
white. Pour the clear mass out into a china or porcelain dish 
or an iron plate, but with caution that the fine iron par- 
ticles which hare settled to the bottom, do not mix with it. 
The white fused mass must be powdered, and kept from 
the air. The cyanide of potassium thus prepared, contains 
some of the cyanate of potassa, but the admixture does not 
deteriorate it for blowpipe use. It must be perfectly white, 
free from iron, <^arcoal, and sulphide of potassium. The solu. 
tion of it in water must give a white precipitate with a solution 
of lead, and when neutralized with hydrochloric acid, and 
eyaporated to dryness, it must not give an insoluble residue by 
dissdnng it agai in ;ater. 

6. NUraie of Foiassa, SaUpeire (KO, NO*).— Saturate boil- 
ing water with commercial saltpetre, filter while hot in a 
beaker glass, which is to be placed in cold water, and stir 
whOe the solution is cooling. The greater part of the salt- 
petre will crystallize in yery fine crystals. Place these crystals 
upon a filter, and wash them with a little cold water, until a 
solution of nitrate of silver ceases to exhibit any reaction upon 
the filtrate. These crystals must be dried and powdered. 

Saltpetre, when heated with substances easy of oxidation, 
yields its oxygen quite readily, and is, therefore, a powerful 
means of oxidation In blowpipe analysis, we use it particu- 
larly to convert sulphides (as those of arsenic, antimony, &c.) 
iiito oxides and acids. We furthermore use saltpetre for the 
purpose of producing a complete oxidation of small quantities 
of metallic oxides^ which oxidize with difficulty in the oxidation 
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flame, so that the color of the bead, in its highest state of oxi- 
dation, shall be visible, as for instance, manganese dissolved in 
the microcosmic salt. 

*l. BibarcUe of soda, borax — (NaO + 2BO'). — Commercial 
borax is seldom pore enoagh for a reagent. A solution of 
borax mast not give a precipitate with carbonate of potassa ; 
or, after the addition of dilate nitric acid, it mast remain clear 
apon the addition of nitrate of silver, or nitrate of baryta. Or 
a small piece of the dry salt, fosed upon a platinam wire, mast 
give a clear and oncolored glass, as well in the oxidation flame 
as in the redaction flame. If these tests indicate a foreign 
admixture, the borax mast be purified by re^rystallization. 
These crystals are washed upon a filter, dried, and heated, to 
expel the crystal water, or until the mass ceases to swell up, 
and it is reduced to powder. 

Boracic acid is incombustible, and has a strong affinity for 
oxides when fused with them ; therefore, it not only directly 
combines with oxides, but it expels, by fusion, all other volatile 
acids from their salts. Furthermore, boracic acid promotes the 
oxidation of metals and sulphur, and induces haloid compounds, 
in the oxidation flame, to combine with the rising oxides. 
Borates thus made, melt generally by themselves ; but admixed 
with borate of soda, they fuse much more readily, give a clear 
bead. Borax acts either as a flux, or through the formation 
of double salts. 

In borax, we have the action of free boracic acid, as well as 
borate of soda, and for that reason it is an excellent reagent for 
blowpipe analysis. 

All experiments in which borax is employed should be effected 
upon platinum wire. The hook of the wire should be heated 
red hot, and then dipped into the powdered borax. This should 
be exposed to the oxidation flame, when it will be fused to a 
bead, which adheres to the hook. This should be then dipped 
into the powdered substance, which will adhere to it if it is 
hot ; but if the bead is cool, it must be previously moistened. 
Expose this bead to the oxidation flame until it ceases to 
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change, then allow it to cool, when it should be exposed to the 
redaction flame. Look for the following in the oxidation flame : 

(1.) Whether the heated snbstance is fused to a clear bead or 
not, and whether the bead remains transparent after cooling. 
The beads of some substances, for instance those of the alkaline 
earths, are clear while hot ; but upon cooling, are milk-white 
and enamelled. Some substances give a clear bead when heated 
and when cold, but appear enamelled when heated intermittinglj 
or with a flame which changes often from oxidation to reduction, 
or with an unsteady flame produced by too strong a blast. The 
reason is an incomplete fusion, while from the basic borate com- 
pound a part of the base is separated. As the boracic acid is 
capable of dissolving more in the heat, a bead will be clear while 
hot, enamelled when cold, as a part in the latter instance will 
become separated. 

(2.) Whether the substance dissolves easily or not, and 
whether it intumesces from arising gases. 

(3.) Whether the bead, when exposed to the oxidation flame, 
exhibits any color, and whether the color remains after the 
bead shall have cooled, or whether the color fades. 

(4.) Whether the bead exhibits any other reaction in the 
redaction flame. 

The bead should not be overcharged with the substance under 
examination, or it will become colored so deeply as not to 
present any transparency, or the color light enough to discern 
its hue. 

8. Microcosmic Salt — Phosphate of Soda and Ammonia — 
(NaO, NH*0-fPO').— Dissolve six parts of phosphate of 
soda (2NaO, HO, PO*), and one part of pure chloride of 
Ammonium (NH*C1.), in two parts of boiling water, and allow 
it to cool. The greatest part of the formed double salt crys- 
tallizes, while the mother-liquid contains chloride of sodium, 
and some of the double salt. The crystals must be dissolved in 
as little boiUng water as possible, and re-crystallieed. These 
crystals must be dried and powdered. 

When this double salt is heated, the water and the ammonia 
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escape, while the incombustible residue has a composition simi- 
lar to borax, viz., a free acid and aa easily fusible salt. The 
effect of it is, therefore, similar to the borax. The free phos- 
phoric acid expels, likewise, most other acids from their combi- 
nations, and. combines with metallic oxides. 

For supports, the platinum wire may be used, but the hook 
must be smaller than when borax is used, or the bead will not 
adhere. As for all the other experiments with this salt, the 
microscosmic salt is used the same as borax. 

9. NUrate of Cobalt— {GoO, NO*).— This salt can be pro- 
pared by dissolving pure oxide of cobalt in diluted nitric acid, 
and evaporating to dryness with a low beat. The dry residue 
should be dissolved in ten parts of water, and filtered. The 
filtrate is now ready for use, and should be kept in a bottle 
with a glass stopper. If the pure oxide of cobalt cannot be 
procured, then it may be prepared by mixing two parts of finely 
powdered glance of cobalt with four parts of saltpetre, and one 
part of dry carbonate of potassa with one part of water free 
from carbonate of soda. This mixture should be added in suc- 
cessive portions into a red-hot Hessian crucible, and the heat 
continued until the mass is fused, or at least greatly diminished 
in volume. The cooled mass must be triturated with hot water, 
and then heated with hydrochloric acid until it is dissolved and 
forms a dark green solution, which generally presents a gelati- 
nous appearance, occasioned by separated silica. The solution 
is to be evaporated to dryness, the dry residue moistened with 
hydrochloric acid, boiled with water, filtered and neutralized 
while hot with carbonate of ammonia, until it ceases to give 
an acid reaction with test-paper. This must now be filtered 
again, and carbonate of potassa added to the filtrate as long as 
a precipitate is produced. This precipitate is brought upon a filter 
and washed thoroughly, and then dissolved in diluted nitric acid. 
This is evaporated to dryness, and one part of it is dissolved in 
ten parts of water for use. 

The oxide of cobalt combines, with strong heat in the 
oxidation flame, with various earths and infusible metallic 
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oxides, and thus produces pecaliarlj colored compoaiidB, aad 
is therefore a.«led^for their detection ; (alumina, magnesia, oxide 
of ^nc, oxide of tin, etc.) Sinne of the powdered snbstAnce 
is heated upon charcoal in the flame of oxidation, and moist- 
ened with a drop of the solution of the nitrate of cobalt, when 
the oxidation flame is thrown upon it. Alumina giyes a pure 
blue color, the oxide of zinc a bright green, magnesia a light 
red, and the oxide of tin a bluish-green color ; but the latter 
is only distinctly Yisible after cooling. 

The droi^ing bottle, is the most useful aj^ratns for 
the purpose of getting small quantities of fluid. It is com- 
posed of a glass tube, drawn out to a point, with a small 
orifice. This tube passes through the cork of the bottle. 
By pressing in the cork into the neck of the bottle, the air 
within will be compressed, and the liquid wUl rise in the tube. 
If now we draw the cork out, with the tube filled with the 
fluid, and presGong the finger upon the upper orifice, the fluid 
can be forced out in the smallest quantity, eren to a fraction 
of a drop. 

10. Tin, — ^This metal is used in the form of foil, cut into 
strips about half an inch wide. Tin is very susceptible of 
oxidation, and therefore deprives oxidized substances of their 
oxygen very quickly, when heated in contact with them. It 
is employed in blowpipe analysis, for the purpose of producing 
in glass beads a lower degree of oxidation, particularly if the 
substance under examination contains only a small portion of 
such oxide. These oxides give a characteristic color to the 
bead, and thus are detected. The bead is heated upon char- 
coal in the reduction flame, with a small portion of the tin, 
wh^eby some of the tin is melted and mixes with the bead. 
The bead should be reduced quickly in the reduction flame, for 
by continuing the blast too great a while, the oxide of tin 
separates the other oxides in the reduced or metallic state, 
while we only require that they shall only be converted into 
a sub-oxide, in order that its peculiar color may be recognized 
in the bead. The addition of too much tin causes the bead 
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to present an anclean appearance, and prevents the required 
reaction. 

XI. SiUca (SiO*). — ^Tfais acid does not eyen expel carbonic 
acid in the wet way, but in a glowing heat it expels the 
strongest yolatile adds. In blowpipe analysis, we nse it fused 
with carbonate of soda to a bead, as a test for snlphnric acidy 
and in some cases for phosphoric acid. Also with carbonate 
of soda and borax, for the purpose of separating tin from 
copper. 

Finely powdered quartz will answer these purposes. If it 
cannot be procured, take well washed white sand* and mix it 
with two parts of carbonate of soda and two parts of car- 
bonate of potassa. Melt the materials together, pound up the 
cooled mass, dissolve in hot water, filter, add to the filtrate 
hydrochloric acid, and evaporate to dryness. Moisten the 
dry residue with hydrochloric acid, and boil in water. The 
silica remains insoluble. It should be washed well, dried, and 
heated, and then reduced to powder. 

12. Test-papers. — (a.) Blue latmus Paper, — ^Dissolve one 
part of litmus in six or eight parts of water, and filter. Divide 
the filtrate into two parts. In one of the parts neutralize the 
free alkali by stirring it with a glass rod dipped in diluted 
sulphuric acid, until the fluid appears slightly red. Then mix 
the two parts together, and draw slips of unsized paper, free 
from alkali, such as fine filtering paper. Hang these strips on 
a line to dry, in the shade and free from floating dust. If the 
litmus solution is too light, it will not give sufficient character- 
istic indications, and if too dark it is not sensitive enough. 
The blue color of the paper should be changed to red, when 
brought in contact with a solution containing the minutest trace 
of free acid ; but it should be recollected that the neutral salts 
of the heavy metals produce the same change. 

(A.) Red Litmus Paper. — The preparation of the red litmus 

paper is similar to the above, the acid being added until a red 

. color is obtained. Reddened litmus paper is a very sensitive 

reagent for free, alkalies, the carbonates of the alkalies, alkaline 
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earths, snlpbides of the alkalies and of the alkaline earths, and 
alkaline salts with weak acids, such as boracic acid. These 
sabstances restore the original bine color of the litmns. 

(c.) Logwood Paper, — ^Take bruised l(^wood, boil it in 
water, filter, and proceed as above. Logwood paper is a very 
delicate test for free alkalies, which impart a Tiolet dnt to it. 
It is sometimes nsed to detect hjdroflnoric acid, which changes 
its color to yellow. 

All the test-papers are to be cat into narrow strips, and 
preserved in closely stopped vials: The especial employment 
of the test-papers we shall allade to in another place. 



B. ESPECIAL REAGENTS. 

13. Fused Boracic Add (BO*). — ^The commercial article is 
biifficiently pnre for blowpipe analysis. It is employed in some 
cases to detect phosphoric acid, and also minnte traces of 
copper in lead compounds. 

14. Fluorspar (CaFl*). — This substance should be pounded 
fine and strongly heated. Fluorspar is often mixed with 
boracic acid, which renders it unfit for analytical purposes. 
Such an admixture can be detected if it be mixed with bi- 
sulphate of potassa, and exposed upon platinum wire to the 
interior or blue flame. It is soon fused, the boracic acid is 
reduced and evaporated, and by passing through the external 
flame it is reoxidized, and colors the flame green. ^We use 
fluorspar mixed with bisulphate of potassa as a test for lithia 
and boracic acid in complicated compounds. 

15. Oxalate of Nickel (NiO, 0). — It is prepared by dis- 
solving the pure oxide of nickel in diluted hydrochloric acid. 
Evaporate to dryness, dissolve in water, and precipitate with 
oxalate of ammonia. The precipitate must be washed with 
caution upon a filter, and then dried. It is employed in blow- 
pipe analysis to detect salts of potassa in the presence of 
sodium and lithium. 

16. Oxide of Copper (CuO).— Pure metallic copper is dis- 
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solved in nitric add. The solation is eTaporated in a porcelaia 
dish to dryness, and gradaallj heated oyer a spirit-lamp, until 
the blue color of the salt has disappeared and the mass presents 
a nniform black color. The oxide of copper so prepared mast 
be powdered, and preseryed in a Tial. It serves to detect, in 
complicated compounds, minute traces of chlorine. 

It. AfUimmiiate of Potassa (KO, SbO*).— Mix four parts 
of the bruised metal of antimony, with nine parts of saltpetre. 
Throw this mixture, in small porticms, into a red-hot Hessian 
crucible, and keep it at a glowing heat for awhile after all the 
mixture is added. Boil the cooled mass with water, and dry 
the residue. Take two parts of this, and mix it with one part 
of dry carbonate of potassa, and expose this to a red heat for 
about half an hour. Then wash the mass in cold water, and 
boil the residue in water ; filter, evaporate the filtrate to dry- 
ness, and then, with a strong heat, render it free of water. 
Powder it while it is warm, and preserve it in closed vials. It 
is used for the detection of small quantities of charcoal in com- 
pound substances, as it shares its oxygen with the carbonaceous 
matter, the antimony becomes separated, and carbonate of 
potassa is i^roduced, which restores red litmus paper to blue, 
and effervesces with acids. 

18. SUver Foil. — A small piece of silver foil is used for the 
purpose of detecting sulphur and the sulphides of the metals, 
which impart a dark stain to it. If no silver foil is at hand, 
strips of« filtering paper, impregnated with acetate of lead, will 
answer in many cases. 

19. NUroprusside of Sodium (Pe'Cy', N0«, 2Na).— This is a 
very delicate test for sulphur, and was discovered by Dr. Plajrfair. 
This test has lately been examined with considerable ability by 
Prof. J. W. Bailey, of West Point. If any sulphate or sulphide 
is heated by the blowpipe upon charcoal with the carbonate 
of soda, and the fused mass is placed on a watch-glass, with a 
little water, and a small piece of the nitroprusside of sodium 
is added, there will be produced a splendid purple color. This 
color, or reaction, will be produced from any substance contain- 
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ing salphor, sach as the parings of the natts, hair, albumeu, etc. 
In regard to these latter substances, the carbonate of soda 
should be mixed with a little starch, which wilbprerent the 
loss of any of the sulphur by oxidation. Coil a piece of hair 
around a platinum wire, moisten it, and dip it into a nuxtnre 
of carbonate of soda, to which a little starch has been added, 
and then heat it with the blowjHpe, when the fused mass will 
give with the nitroprusside of sodium the characteristic purple 
reaction, indicative of the presence of sulphur. With the 
proper delicacy of manipulation, a piece of hair, half an inch in 
length, will give distinct indications of sulphur. 

Preparation, — ^The nitroprussides of sodium and potassium 
(for either salt will give the above reactions), are prepared as 
follows : One atom (422 grains) of pulverized ferrocyanide of 
potassium is mixed with five atoms of commercial nitric acid, 
diluted with an equal quantity of water. One-fifth of this 
quantity (one atom) of the acid is sufficient to transfer the 
ferrocyanide into nitroprusside ; but the use of a larger quan- 
tity is found to give the best results. The acid is poured all at 
once upon the ferrocyanide, the cold produced by the mixing 
being sufficient to moderate the action. The mixture first 
assumes a milky appearance, but after a little while, the salt 
dissolves, forming a coffee-colored solution, and gases are 
disengaged in abundance. When the salt is completely dis- 
solved, the solution is found to contain ferrocyanide (red 
pmssiate) of potassium, mixed with nitroprusside and nitrate 
of the same base. It is then immediately decanted into a 
large flask, and heated over the water-bath. It continues 
to evolve gas, and after awhile, no longer yields a dark 
blue precipitate with ferrous salts, but a dark green or slate- 
colored precipitate. It is then removed from the fire, and left 
to crystallize, whereupon it yields a large quantity of crystals 
of nitre, and more or less oxamide. The strongly-colored mother 
liquid is then neutralized with carbonate of potash or soda, 
according to the salt to be prepared, and the solution is boiled, 
whereupon it generally deposits a green or brown precipitate, 
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which must be separated bj filtration. The liquid then con- 
tains nothing bnt nitroprnsside and nitrate of potash or soda. 
The nitrates being the least soluble, are first crystallized, 
and the remaining liquid, on farther evaporation, yields crys- 
tals of the nitroprnsside. The sodium salt crystallizes most 
easily. — ( Playfair. ) 

As some substances, particularly in complicated compounds, 
are not detected with sufficient nicety in the dry way of ana- 
lysis, it will often be necessary to resort to the wet way. It is 
therefore necessary to hare prepared the reagents required 
for such testing, as every person, before he can become an 
expert blowpipe analyst, must be acquainted with the charac- 
teristic tests as applied in the wet way. 



Part IL 



INITIATORY ANALYSIS. 

Qualitative analysis refers to those examinatioiis which 
relate simply to the presence or the absence of certain sab. 
stances, irrespective of their quantities. Bat before we take 
cognizance of special examinations, it wjoold facilitate the 
progress of the student to pass through a course of Initiatory 
Exercises. These at once lead into the special analysis of 
all those substances susceptible of examination by the blowpipe. 
The Initiatory Analysis is best studied by adopting the following 
arrangement : 

1. Examinations with the glass bolb. 



2. 
8. 
4. 
5. 
6. 
T. 



with the open tube. 

upon charcoaL 

in the platinum forceps. 

in the borax bead. 

in microcosmic salt. 

in the carbonate of soda bead. 



8. Confirmatory examinations. 



1. EXAMINATIONS WITH THE GLASS BULB. 

The glass of which the bulb is made should be entirely free 
&om lead, otherwise fictitious results will ensue. If the bulb 
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be of flint glass, then by heating it, there is a slighUj iridescent 
film caosed upon the surface of the glass, which may easily be 
mistaken for arsenic. Besides, this kind of glass is easily fusible 
in the oxidating flame of the blowpipe, while, in the reducing 
flame, its ready decomposition would preclude its use entirely. 
The tube should be composed of the potash or hard Bohemian 
glass, should be perfectly white, and very thin, or the heat will 
crack it. 

The tube should be perfectly clean, which can be easily 
attained by wrapping a clean cotton rag around a small stick, 
and inserting it in the tube. Before using the tube, see also 
that it is perfectly dry. 

The quantity of the substance put into the tube for exami- 
nation should be small. From one to three grains is quite 
sufficient, as a general rule, but circumstances vary the quantity. 
The sides of the tube should not catch any of the substance as 
it is being placed at the bottom of the tube, or into the bulb. 
If any of the powder, however, should adhere, it should be 
pushed down with a roll of clean paper, or the clean cotton 
rag referred to abore. 

In submitting the tube to the flame, it should be heated at 
first very gently, the heat being increased until the glass begins 
to soften, when the observations of what is ensuing within it 
may be made. 

If the substance be of an organic nature, a peculiar empy. 
reumatic odor will be given off. K the substance chars, then 
it may be inferred that it is of an organic nature. The matters 
which are given off and cause the empyreumatic odor, are a 
peculiar oil, ammonia, carbonic acid, acetic acid, water, cyano- 
gen, and frequently other compounds. If a piece oi paper is 
heated in the bulb, a dark colored oil condenses upon the sides 
of the tube, which has a strong empyreumatic odor. A piece 
of litmus paper indicates that this oil is acid, as it is quickly 
changed to red by contact with it. A black residue is now 
left in the tube, and upon examination we wiU find that it is 
charcoal. If, instead of the paper, a piece of animal substance 
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is placed in the balb, the reddened litmus paper will be con- 
verted into its original blue color, while charcoal will be left 
at the bottom of the tube. 

A changing of the substance, howerer, to a dark color, 
should not be accepted as an invariable indication of charcoal, 
as some inorganic bodies thus change color, but the dark 
substance wiU not be likely to be mistaken for charcoal. By 
igniting the suspected substance with nitrate of potassa, it can 
quickly be ascertained whether it is organic or not, for if the 
latter, the vivid deflagration will indicate it. 

If the substance contains water, it will condense upon the 
cold portion of the tube, and may be there examined as to 
whether it is acid or alkaline. If the former, the matter under 
examination is, perhaps, vegetable ; if the latter, it is of an 
animal nature. The water may be that fluid absorbed, or it 
may form a portion of its constitution. 

If the substance contain sulphur, the sublimate upon the 
cold part of the tube may be recognized by its characteristic 
appearance, especially if the substance should be a sulphide of 
tin, copper, antimony, or iron. The hyposulphites, and several 
other sulphides, also give off sulphur when heated. The 
volatile metals, mercury and arsenic, will, however, sublime 
without undergoing decomposition. As the sulphide of arsenic 
may be mistaken, from its color and appearance, for sulphur, 
it must be examined especially for the purpose of determining 
that point. 

Sdmium will likewise sublime by heat as does sulphur. This 
is the case if selenides are present. Selenium gives off the 
smell of decayed horse-radish. 

When the persalts are heated they are reduced to protosalts, 
with the elimination of a part of their acid. This will be 
indicated by the blue litmus paper. 

If some of the neutral salts containing a volatile acid be 
present, they will become decomposed. For instance, the red 
nitrons acid water of the nitrates will indicate the decomposition 
of the salt, especially if it be the nitrate of a metalLc oxide. 

3 
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If there is an odor of sulphur, then it is quite probable, if 
no free sulphur be present, that a hyposulphite is decomposed. 

If an oxalate be present, it is decomposed with the evolution 
of carbonic oxide, which may be inflamed at the month of the 
tube ; but there are oxalates that give off carbonic acid gas, 
which, of course, will not bum. A cyanide will become decom- . 
posed and eliminate nitrogen gas, while the residue is charred. 
Some cyanides are, howeyer, not thus decomposed, as the dry 
cyanides of the earths and alkalies. 

There are several oxides of metals which will sublime, and 
may be thus examined in the tube. Arsenious acid sublimes with 
great ease in minute octohedral crystals. The oxides of tellu- 
rium and antimony will sublime, the latter in minute glittering 
needles. 

There are several metals which will sublime, and may be 
examined in the cold portion of the tube. Mercury condenses 
upon the tube in pinute globules. These often do not present 
the metalic appearance until they are disturbed with a glass 
rod, when they attract each other, and adhere as small 
globules. Place in the tube about a grain of red precipitate 
of the drug stores and apply heat, when the oxide will become 
decomposed, its oxygen will escape while the vaporized mer- 
cury will condense upon the cold portion of the tube, and may 
there be examined with a magnifying glass. 

Arsenic, when vaporized, may be known by its peculiar alli- 
aceous odor. Arsenic is vaporized from its metallic state, and 
likewise from its alloys. Several compounds which contain 
arsenic will also sublime, such as the arsenical cobalt. Place 
in the bulb a small piece of arsenical cobalt or "fly-stone," 
and apply heat. The sulphide of arsenic will first rise, but 
soon the arsenic will adhere to the sides of the tube. 

The metals tellurium and cadmium are susceptible of solution, 
but the heat required is a high one. This is best done upon 
charcoal. 

The percMoride of mercary sublimes undecomposed in the bulb, 
previously undergoing fusion. 
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The protochloride of mercury likewise sublimes, bat it does not 
undergo fusion first, as is the case with the corrosive sublimate. 

The ammomacal salts all are susceptible of sublimation, which 
they do without leaving a residue. There are, however, several 
which contain fixed acids, which latter are left in the bulb. 
This is particularly the case with the phosphates and borates 
A piece of red . litmus paper will readily detect the escaping 
ammonia, while its odor will indicate its presence with great 
certainty. The halogen compounds of mercury, we should have 
mentioned, also sublime, the red iodide giving a yellow subli* 
mate. 

The bulb is also a convenient little instrument for the pur- 
pose of heating those substances which phosphoresce, and like- 
wise those salts that decrepitate. 

Should the above reactions not be readily discerned, it should 
not be considered as an indication that the substances are not 
present, for they are frequently expelled in such combinations 
that the above reactions will not take place. This is often the 
case with sulphur, selenium, arsenic, and tellurium. It fre- 
quently happens, likewise, that these substances are in such 
combinations that heat alone will not sublime them ; or else two 
or more of them may arise together, and thus complicate the 
sublimate, so that the eye cannot readily detect either substance. 
Sometimes sulphur and arsenic will coat the tube with a metal- 
like appearance, which is deceptive. This coating presents a 
metallic lustre at its lower portion, but changing, as it pro- 
gresses upward, to a dark brown, light brown, orange or yellow ; 
this sublimate being due to combinations of arsenic and sulphur, 
which compounds are volatilized at a lower temperature than 
metallic arsenic. 

If certain reagents are mixed with many substances, changes 
are effected which would not ensue with heat alone. Formiate 
of soda possesses the property of readily reducing metallic 
oxides. When this salt is heated, it gives off a quantity of 
carbonic oxide gas. This gas, when in the presence of a metal- 
lic oxide, easily reduces the metal, by withdrawing its oxygen 
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from it, and being changed into carbonic oxide. If a little fly- 
stone is mixed with some formiate of soda, and heated in the 
bulb, the arsenic is reduced, Yolatilized, and condenses in the 
cool portion of the tnbe. Bj this method, the smallest portion 
of a grain of the arsenical compound may be thus examined 
with the greatest readiness. If the residue is now washed, by 
which the soda is got rid of, the metallic arsenic may be obtained 
in small spangles. If the compound examined be the sulphide 
of antimony, the one-thousandth part can be readily detected, and 
hence this method is admirably adapted to the examination of 
medicinal antimonial compounds. The arsenites of silver and cop- 
per are reduced by the formiate of soda to their metals, mixed with 
metallic arsenic. The mercurial salts are all reduced with the 
metal plainly yisible as a bright silrery ring on the cool por- 
tion of the tube. The chloride and nitrate of sUver are com- 
pletely reduced, and may be obtained after working out the 
soda, as bright metallic spangles. The salts of antimony and 
zinc are thus reduced ; also the sulphate of cadmium. The 
sublimate of the latter, although in appearance not unlike that 
of arsenic, can easily be distingushed by its brighter color. It 
is, in fact, the rich yellow of this sublimate whidi has led artists 
to adopt it as one of their most valued pigments. 

2. EXAMINATIONS IN THB OPEN TUBE. 

The substance to be operated upon should be placed in the 
tube, about half an inch from the end, and the flame applied at 
first very cautiously, increasing gradually to the required tempe- 
rature. The tube, in all these roasUng operations, as they are 
termed, should be held in an inclined position. The nearer 
perpendicular the tube is held, the stronger is the draught of 
air that passes through it. If but little heat is required in the 
open tube operation, the spiritrlamp is the best method of 
applying the heat. But if a greater temperature is required, 
then recourse must be had to the blowpipe. Upon the angle 
of inclination of the tube depends the amount of air that passes 
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throogh it, and therefore, the rapidity of the draught may be 
easily regalated at the will of the operator. The incllBatioa of 
the tube may, as a general rale, be about the angle represented 
in Fi<r 14. 




Fig. 14 



The length of the tube must be about six inches, so that the 
portion upon which the substance rested in a previous examina- 
tion may be cut off. The portion of the tube left will answer 
for several similar operations. 

When the substance is under examination, we should devote 
our attention to the nature of the sublimates, and to that of 
the odors of the gases. If sulphur be in the substance experi- 
mented upon, the characteristic odor of sulphurous acid gas will 
readily indicate the sulphur. If metallic sulphides, for instance, 
are experimented upon, the sulphurous acid gas eliminated will 
readily reveal their presence. As it is a property of this gas 
to bleach, a piece of Brazil-wood test paper should be held in 
the mouth of the tube, when its loss of color will indicate the 
presence of the sulphurous acid. It often happens, too, that a 
slight deposition of sulphur will be observed upon the cool por- 
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tion of the tabe. This is pardcnlarly the case with those sul- 
phides which yield sablimates of snlphnr when heated in the 
bulb. 

Selenium undergoes but slight oxidation, but it becomes 
readily volatilized, and may be observed on the cool portion 
of the tube. At the same time the nose, if applied close to the 
end of the tube, will detect the characteristic odor of rotten 
horse-radish. Arsenic also gives its peculiar alliaceous odor, 
which is so characteristic that it can be easily detected. A 
few of the arsenides produce this odor. The sublimates should 
be carefully observed, as they indicate often with great cer 
tainty the presence of certain substances ; for instance, that 
of arsenic. The sublimate, in this case, presents itself as the 
arsenious acid, or the metallic arsenic itself. If it be the former, 
it may be discerned by aid of the magnifying glass as beauti- 
ful glittering octohedral crystals. If the latter, the metallic 
lustre will reveal it. 

But it will be observed that while some of the arsenides are 
sublimed at a comparatively low temperature, others require 
a very high one. 

Antimony gives a white sublimate when its salts are roasted, 
as the sulphide, or the antimonides themselves, or the oxide of 
this metal. This white sublimate is not antimonious acid, but 
there is mixed with it the oxide of antimony with which the 
acid is sublimed. As is the case with arsenious acid, the anti- 
monious acid may, by dexterous heating, be driven from one 
portion of the tube to another. 

TeUurivm, or its acid and oxide, may be got as a sublimate 
ill the tube. The tellurious acid, unlike the arsenions and anti- 
monious acids, cannot be driven from one portion of the tube 
to another, but, on the contrary, it fuses into small clear 
globules, visible to the naked eye sometimes, but quite so with 
the aid of the magnifying glass. 

Leadj or its chloride, sublimes like tellurium, and, like that 
substance, fuses into globules or drops. 

Bismuth, or its sulphide, sublimes into an orange or brown- 



Initiatost Analysis. 55 

Ish globules, when it is melted, as directed above, for tellu- 
riam. The color of the bismath and lead oxides are somewhat 
similar, although that of the latter is paler. 

If any mineral containing finormt is fused, first with the 
microcosmic salt bead, then put into the tube, and the flame 
of the blowpipe be directed iinio the tube upon the bead, hydro- 
fluoric acid is disengaged and attacks the inside of the tube. 
The fluoride of calcium, or fluorspar, may be used for this 
experiment. 

During the roasting, a brisk current of air should be allowed 
to pass through the tube, whereby unoxidized matter may be 
prevented from volatilization, and the clogging up of the sub- 
stance under examination be prevented. 

3. EXAMINATIONS UPON CHABCOAL. 

In making examinations upon charcoal, it is quite necessary 
that the student should make himself familiar with the different 
and characteristic appearances of the deposits upon the char- 
coal. In this case I have found the advice given by Dr. Sherer 
to be the best ; that is, to begin with the examination of the 
pure materials first, until the eye becomes familiarized with the 
appearances of their incrustations upon charcoal. 

The greater part of the metals fuse when submitted to the 
heat of the blowpipe, and if exposed to the outer flame, they 
oxidize. These metals, termed the noble metals, do not oxidize, 
but they fuse. The metals platinum, iridium, rhodium, osmium 
and palladium do not fuse. The metal osmium, if exposed to 
the flame of oxidation, fuses and is finally dissipated as osmic 
acid. In the latter flame, the salts of the noble metals are 
reduced to the metallic state, and the charcoal is covered with 
the bright metal. 

We shall give a brief description of the appearance of the 
principal elementary bodies upon being fused with charcoal. 
This plan is that deemed the most conducive to the progress 
of the student, by Berzelius, Plattner, and Sherer. Experience 
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has taaght as that this method is the most efficient that could 
have been devised as an initiatory exercise for the student, ere 
he commences a more concise and methodical method of analy- 
sis. In these reactions upon charcoal, we shall follow nearly 
the language of Plattner and Sberer. 

Selenium is not difficult of fusion, and giyes off brown fumes 
in either the oxidation or redaction flame. The deposit upon the 
charcoal is of a steel-grey color, with a slightly metallic lustre. 
The deposit however that fuses outside of this steel-^ey one is 
of a dull violet color, shading off to a light brown. Under the 
flame of oxidation this deposit is easily driven from one portion 
of the charcoal to another, while the application of the re- 
ducing flame volatilizes it with the evolution of a beautiful 
blue light. The characteristic odor of decayed horse-radish 
distinguishes the volatilization of this metal. 

Tellurium. — ^This metal fuses with the greatest readiness, 
and is reduced to vapor under both flames with fumes, and 
coats the charcoal with a deposit of tellurous acid. This 
deposit is white near the centre, and is of a dark yellow near 
the edges. It may be driven from place to place by the flame 
of oxidation, while that of reduction volatilizes it with a green 
flame. If there be a mixture^ of selenium present, then the 
color of the flame is bluish-green. 

Arsenic. — ^This metal is volatilized without fusing, and 
covers the charcoal both in the oxidiziog and reducing flames 
with a deposit of arsenious acid. This coating is white in the 
centre, and grey towards the edges, and is found some distance 
from the assay. By the most gentle application of the flame, 
it is immediately volatilized, and if touched for a moment with 
the reducing flame, it disappears, tinging the flame pale blue. 
During volatilization a strong garlic odor is distincly percepti- 
ble, very characteristic of arsenic, and by which its presence 
in any compound may be immediately recognized. 

Antimony. — This metal fuses readily, and coats the charcoal 
under both flames with antimonious acid. This incrustation is 
of a white color where thick, but of a bluish tint where it is 
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thin, and is found nearer to the assay than that of arsenic. 
When greatly heated by the flame of oxidation, it is driven 
from place to place without coloring the flame, but when vola- 
tilized by the flame of reduction, it tinges the flame blue. As 
antimonious acid is not so volatile as arsenious acid, they may 
thus be easily distinguished from one another. 

When metallic antimony is fused upon charcoal, and the 
metallic bead raised to a red heat, if the blast be suspended, 
the fluid bead remains for some time at this temperature, giving 
off opaque white fames, which are at first deposited on the 
surrounding charcoal, and then upon the bead itself, covering 
it with white, pearly crystals. The phenomenon is dependent 
upon the fact, that the heated button of antimony, in absorbing 
oxygen from the air, developes sufficient heat to maintain the 
metal in a fluid state, until it becomes entirely covered with 
crystals of antimonious acid so formed. 

Bismuth. — ^This metal fuses with ease, and under both flames 
covers the charcoal with a coatiug of oxide, which, while hot, 
is of an orange-yellow color, and after cooling, of a lemon-yel- 
low color, passing, at the edges, into a bluish white. This 
white coating consists of the carbonate of bismuth. The subli- 
mate from bismuth is formed at a less distance from the assay 
than is the case with antimony. It may be driven from place 
to place by the application of either flame ; but in so doing, 
the oxide is first reduced by the heated charcoal, and the 
metallic bismuth so formed is volatilized and reoxidized. The 
flame is uncolored. 

Lead. — This metal readily fuses under either flame, and 
incrusts the charcoal with oxide at about the same distance 
^rom the assay as is the case with bismuth. The oxide is, while 
lot, of a dark lemon-yellow color, but upon cooling, becomes 
yf a sulphur yellow. The carbonate which is formed upon the 
jharcoal, beyond the oxide, is of a bluish-white color. If the 
yellow incrustation of the oxide be heated with the flame of 
oxidation, it disappears, undergoing changes similar to those of 

3* 
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bismuth abore mentioned. Under tbe flame of redaction, it^ 
however, disappears, tinging the flame blue. 

Cadmium. — This metal fuses with ease, and, in the flame of 
oxidation, takes fire, and burns with a deep yellow color, giving 
off brown fumes, which coat the charcoal, to within a small 
distance of the assay, with oxide of cadmium. This coating 
exhibits its characteristic reddish-brown color most clearly when 
cold. Where the coating is very thin, it passes to an orange 
color. As oxide of cadmium is easily reduced, and the metal 
very volatile, the coating of oxide may be driven from place to 
place by the application of either flame, to neither of which 
does it impart any color. Around the deposit of oxide, the 
charcoal has occasionally a variegated tarnish. 

Zing. — ^This metal fuses with ease, and takes fire in the flame 
of oxidation, burning with a brilliant greenish-white light, and 
forming thick white fumes of oxide of zinc, which coat the 
charcoal round the assay. This coating is yellow while hot, 
but when perfectly cooled, becomes white. If heated with the 
flame of oxidation, it shines brilliantly, but is not volatilized, 
since the heated charcoal is, under these circumstances, insuffi- 
cient to effect its reduction. Even under the reducing flame, 
it disappears very slowly. 

Tin. — ^This metal fuses readily, and, in the flame of oxidation, 
becomes covered with oxide, .which, by a strong blast, may 
be easily blown off. In the reducing flame, the fused metal 
assumes a white surfEtce, and the charcoal becomes covered with 
oxide. This oxide is of a pale yellow color while hot, and is 
quite brilliant when the flame of oxidation is directed upon 
it. After cooling, it becomes white. It is found immediately 
around the assay, and cannot be volatilized by the application 
of either flame. 

Molybdenum. — This metal, in powder, is infusible before the 
blowpipe. If heated in the outer flame, it becomes gradually 
oxidized, and incrusts the charcoal, at a small distance from 
the assay, with molybdic acid, which, near the assay, forms 
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transparent crystalline scales, and is elsewhere deposited as a 
fine powder. The incrustation, while hot, is of a yellow color, 
but becomes white after cooling. It may be volatilized by 
heating with either fiame, and leaves the surface of the char- 
coal, when perfectly cooled, of a dark-red copper color, with a 
metallic lustre, due to the oxide of molybdenum, which has been 
formed by the reducing action of the charcoal upon the molyb. 
die acid. In the reducing flame, metallic molybdenum remains 
nnchanged. 

SiLVER.^This metal, when fused alone, and kept in this 
state for some time, under a strong oxidizing flame, covers the 
charcoal with a thin film of dark reddish-brown oxide. If the 
silver be alloyed with lead, a yellow incrustation of the oxide 
of that metal is first formed, and afterwards, as the silver 
becomes more pure, a dark red deposit is formed on the char- 
coal beyond. If the silver contains a small quantity of anti- 
mony, a white incrustation of antimonions acid is formed, which 
becomes red ou the surface if the blast be continued. And if 
lead and antimony are both present in the silver, after the greater 
part of these metals have been volatilized, a beantifnl crimson 
incrustation is produced upon the charcoal. This result is 
sometimes obtained in fusing rich silver ores on charcoal. 

SULPHIDES, CHLORIDES, IODIDES, AND BROMIDES. 

In blowpipe experiments, it rarely occurs that we have to 
deal with pure metals, which, if not absolutely non-volatile, 
are recognized by the incrustation they form upon charcoal. 
Some compound substances, when heated upon charcoal, form 
white incrustations, resembling that formed by antimony, and 
which, when heated, may, in like manner, be driven from place 
to place. Among these are certain sulphides, as sulphide of 
potassium, and sulphide of sodium, which are formed by the 
action of the reducing flame upon the sulphates of potassa and 
soda, and are, when volatilized, reconverted into those sulphates, 
and as such deposited on the charcoal. No incrustation is, 
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however, formed, until the whole of the alkaline sulphate has 
been absorbed into the charcoal, and has parted with its oxy- 
gen. As sulphide of potassium is more ydatile than sulphide 
of sodium, an incrustation is formed horn the former sooner 
than from the latter of these salts, and is considerablj thicker 
in the former case. If the potash incrustation be touched with 
the reducing flame, it disappears with a yiolet-colored flame ; 
and if a soda incrustation be treated in like manner, an orange- 
yellow flame is produced. 

Sulphide of lithium, formed by heating the sulphate in the 
reducing flame, is volatilized in similar manner by a strong 
blast, although less readily than the sulphide of sodium. It 
affords a greyish white film, which disappears with a crimson 
flame when submitted to the reducing flame. 

Besides the above, the sulphides of bismuth and lead give, 
when heated in either flame, two different incrustations, of 
which the more volatile is of a white color, and consists in the 
one case of sulphate of lead, and in the other of sulphate of 
bismath. If either of these be heated under the reducing flame, 
it disappears in the former case with a bluish flame, in the 
latter unaccompanied by any visible flame. The incrustation 
formed nearest to the assay consists of the oxide of lead or 
bismuth, and is easily recognized by its color when hot and 
after cooling. There are many other metallic sulphides, which, 
when heated by the blowpipe flame, cover the charcoal with 
a white incrustation, as sulphide of antimony, snlphide of zinc, 
and sulphide of tin. In all these cases, however, the incrusta- 
tion consists of the metallic oxide alone, and either volatilizes 
or remains unchanged, when submitted to the oxidizing flame. 

Of the metallic chlorides there are many which, when heated 
on charcoal with the blowpipe flame, are volatilized and re- 
deposited as a white incrustation. Among these are the 
chlorides of potassium, sodium, and lithium, which volatilize 
and cover the charcoal immediately around the assay with a 
thin white film, after they have been fused and absorbed into 
the charcoal, chloride of potassium forms the thickest d'^possit, 
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and chloride of lithimn the thinnest, the latter being moreover 
of a greyish-white color. The chlorides of ammoniam, mercnry, 
and antimony volatilize without fusing. 

The chlorides of zinc, cadmium, lead, bismuth, and tin first 
fuse and then cover the charcoal with two different incrusta. 
tions, one of which is a white volatile chloride, and the other 
a less volatile oxide of the metal. 

Some of the incrustations formed by metallic chlorides dia. 
appear with a colored flame when heated with the reducing 
flame ; thus chloride of potassium affords a violet flame, chlo- 
ride of sodium an orange one, chloride of lithium a crimson 
flame, and chloride of lead a blue one. The other metals 
mentioned above volatilize without coloring the flame. 

The chloride of copper fuses and colors the flame of a beauti- 
ful blue. Moreover, if a continuous blast be directed upon the 
salt, a part of it is driven off in the form of white fumes which 
smell strongly of chlorine, and the charcoal is covered with 
incrustations of three different colors. That which is formed 
nearest to the assay is of a dark grey color, the next, a dark 
yellow passing into brown, and the most distant of a bluish 
white color. If this incrustation be heated under the reducing 
flame, it disappears with a blue flame. 

Metallic iodides and bromides behave upon charcoal in a 
similar manner to the chlorides. Those principally deserving 
of mention are the bromides and iodides of potassium and 
sodium. These fuse upon charcoal, are absorbed into its pores, 
and volatilize in the form of white fumes, which are deposited 
upon the charcoal at some distance from the assay. When 
the saline films so formed are submitted to the reducing flame, 
they disappear, coloring the flame in the same manner as the 
corresponding chlorides. 

4. EXAMINATIONS IN THE PLATINXJIC FORCEPS. 

Before the student attempts to make an examination in the 
platinum forceps or tongs, he should first ascertain whether 
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or not it will act upon the platinnm. If the substance to be 
examined shall act chemically upon the platinum, then it 
should be examined on the charcoal, and the color of the 
flame ascertained as rigidly as possible. The followmg list of 
substances produce the color attached to them. 

A. TIOLST. 

Potash, and all its compounds, with the exception of the phosphate 
and the borate, tinge the color of the flame Tiolet. 

B. BLUE. 

Chloride of copper, Intense blue. 

Lead, Pale clear blue. 

Bromide of copper, Bluish green. 

Antimony, Bluish green. 

Selenium, Blue. 

Arsenic, English green. 



C. GBXSN. 

Ammonia, Dark green. 

Boracic acid, Dark green. 

Copper, Dark green. 

Tellurium, Dark green. 

Zinc, Light green. 

Baryta. Apple green. 

Phosphoric acid, Pale green. 

Molybdic acid, Apple green. 

Telluric acid, Light green. 

D. YELLOW. 

Soda, Intense yellow. 

Water, Feeble yellow. 

X. RED. 

Strontia, Intense crimson. 

Lithia, Purplish red. 

Potash, Violet red. 

Lime, Purplish red. 
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The student may often be deceived in regard to the colors : 
for instance, if a small splinter of almost any mineral be held 
at the point of the flame of oxidation, it will impart a very slight 
yellow to the flame. This is caused, doubtless, by the water 
contained in the mineral. If the piece of platinum wire is used, 
and it should be wet with the saliya, as is frequently done by 
the student, then the small quantity of soda existing in that 
fluid will color the flame of a light yellow hue. 

A. THE VIOLET COLOR. 

The salts of potash, with the exception of the borate and 
the phosphate, color the flame of a rich violet hue. This color 
is best discovered in the outer flame of the blowpipe, as is the 
case with all the other colors. The flame should be a small 
one, with a lamp having a small wick, while the orifice of the 
blowpipe must be quite small These experiments should like- 
wise be made in a dark room, so that the colors may be 
discerned with the greatest ease. In investigating with 
potash for the discernment of color, it should be borne in mind 
that the least quantity of soda will entirely destroy the violet 
color of the potash, by the substitution of its own strong 
yellow color. If there be not more than the two hundredth 
part of soda, the violet reaction of the potash will be destroyed. 
This is likewise the case with the presence of lithia, for its 
peculiar red color will destroy the violet of the potash. There- 
fore in making investigations with the silicates which contain 
potash, the violet color of the latter can only be discerned 
when they are free from soda and lithia. 

B. THE BLUE COLOR. 

(a.) The Chloride of Cof^. — Any of the chlorides produce 
a blue color in the blowpipe flame, or any salt which contains 
chlorine will show the blue tint, as the color in this case is 
referable to the chlorine itself. There are, however, some 
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chlorides which, in consequence of the peculiar reactions of 
their bases, will not produce the blue color, although in these 
cases the blue of the chlorine will be very likely to blend itself 
with the color produced by the base. The chloride of copper 
communicates an intense blue to the flame, when fused on the 
platinum wire. If the heat be continued until the chlorine 
is driven off, then the greenish hue of the oxide of copper will 
be discerned. 

(6.) Lead. — Metallic lead communicates to the flame a pale 
blue color. The oxide reacts in the same manner. The lead- 
salts, whose acids do not interfere with the color, impart also 
a fine blue to the flame, either in the platina forceps, or the 
crooked wire. 

(c.) Bromide of Copper, — This salt colors the flame of a 
bluish-green color, but when the bromine is driven off, then we 
have the green of the oxide of copper. 

(d.) Antimony, — This metal imparts a blue color to the 
blowpipe flame, but if the metal is in too small a quantity, 
then the colpr is a brilliant white. If antimony is fused on 
charcoal, the fused metal gives a blue color. The white snblL 
mate which surrounds the fused metal, being subjected to the 
flame of oxidation, disappears from the charcoal with a 
bluish-green color. 

(e.) Sdenium, — If fused in the flame of oxidation, it imparts 
to the flame a deep blue color. The incrustation upon char- 
coal gives to the flame the same rich color. 

(/,) Arsenic. — The arseniates and metallic arsenic itself 
impart to the blowpipe flame a fine blue color, provided that 
there is no other body present which may have a tendency to 
color the flame with its characteristic hue. The sublimate of 
arsenious acid which surrounds the assay, will give the same 
blue flame, when dissipated by the oxidation flame. The 
platinum forceps will answer for the exhibition of the color of 
arsenic, even though the salts be arseniates, whose bases possess 
the property of imparting their peculiar color to the flame, 
such as the arseniate of lime 
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G. THE GREEN COLOR. 

(a.) Ammoma, — ^The salts of ammonia, when heated before 
the blowpipe, and jnst npon the point of disappearing, impart 
to the flame a feeble thongfa dark green color. This color, 
however, can only be discerned in a dark room. 

(b.) Bara^dc Add, — If any one of the borates is mixed with 
two parts of a flax composed of one part of pnlyerized flnoiv 
spar, and foor and a half parts of bisalphate of potash, and 
after being melted, is put npon the coil of a platinum wire, 
and held at the point of the bine flame, soon after fosion takes 
place a dark green color is discerned, bnt it is not of long 
duration. The above process is that recommended by Dr. 
Turner. The green color of the borates may be readily seen 
by dipping them, previonsly moistened with sulphuric acid, 
into the upper part of the blue flame, when the color can 
be readily discerned. If soda be present, then the rich green 
of the boracic add is marred by the yellow of the soda. Borax, 
or the biborate of soda (NaO, 2BOs) may be used for this 
latter reaction, but if it be moistened with sulphuric acid, the 
green of the boracic acid can then be seen. If the borates, 
or minerals which contain boracic acid, are fused on charcoal 
with carbonate of potash, then moistened with sulphuric acid 
and alcohol, then the bright green of the boracic acid is pro- 
duced, even if the mineral contains but a minute portion of 
the boracic acid. 

(c.) Copper. Nearly all the ores of copper and its salts, 
giye a bright green color to the blowpipe flame. Metallic 
copper likewise colors the flame green, being first oxidized. 
If iodine, chlorine, and bromine are present, the flame is con- 
siderably modified, but the former at least intensifies the color. 
Many ores containing copper also color the flame green, but 
the internal portion is of a bright blue color if the compound 
contains lead, the latter color being due to the lead. The 
native sulphide and carbonate of copper should be moistened 
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with snlpniiric acid, while the former should be preyionslj 
roasted. If hydrochloric acid is used for moistening the salts, 
then the rich green given by that moistened with the solphoric 
acid is changed to a bine, being thus modified by the chlorine 
of the acid. Silicates containing copper, if heated in the flame 
in the platinum forceps, impart a rich green color to the outer 
flame. In fact, if any substance containing copper be sub- 
mitted to the blowpipe flame, it will tinge it green, provided 
there be no other substance present to impart its own color 
to the flame, and thus modify or mar that of the copper. 

(d,) Tellurium. — If the flame of reduction is directed upon 
the oxide of tellurium placed upon charcoal, a green color is 
imparted to it. If the telluric acid be placed upon platinum 
wire in the reduction flame, the oxidation flame is colored 
green. Or if the sublimate be dissipated by the flame of 
oxidation, it gives a green color. If selenium be present, the 
green color is changed to a blue. 

(e.) Zinc. — ^The oxide of zinc, when strongly heated, gives a 
blue flame. This is especially the case in the reducing flame. 
The flame is a small one, however, and not very characteristic, 
as with certain preparations of zinc the blue color is changed 
to a bright white. The soluble salts of zinc give no blue color. 

(/.) Baryta. — The soluble salts of baryta, moistened, and 
then submitted to the reduction flame, produce a green color. 
The salt should be moistened, when the color will be strongly 
marked in the outer flame. The insoluble salts do not produce 
so vivid a color as the soluble salts, and they are brighter when 
they have previously been moistened. The carbonate does 
not give a strong color, but the acetate does, so long as it is not 
allowed to turn to a carbonate. The chloride, when fused on 
the platinum wire, in the point of the reduction flame, imparts 
a fine green color to the oxidation flame. This tint changes 
finally to a faint dirty green color. The sulphate of baryta 
colors the flame green when heated at the point of the reduc- 
tion flame. But neither the sulphate, carbonate, nor, in fact, 
any other salt of baryta, gives such a fine green color as the 
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chloride. The presence of lime does interfere with the reac- 
tion of baryta, bat still does not destroy its color. 

{g,) Phosphoric Add, — The phosphates give a green color 
to the oxidation flame, especially when they are moistened 
with sulphuric acid. This is best shown with the platinum 
forceps. The green of phosphoric, or the phosphates, is much 
less intense than that of the borates or boracic acid, but yet the 
reaction is a certain one, and is susceptible of considerable 
delicacy, either with the forceps, or still better upon platinum 
wire. Sulphuric acid is a great aid to the development 
of the color, especially if other salts be present which would 
be liable to hide the color of the phosphoric acid. In this 
reaction with phosphates, the water should be expelled from 
them previous to melting them with sulphuric acid. They 
should likewise be pulverized. Should soda be present it will 
only exhibit its peculiar color after the phosphoric acid shall 
have been expelled ; therefore, the green color of the phos- 
phoric acid should be looked for immediately upon submitting 
the phosphate to heat. 

(A.) Molybdic Acid. — If this acid or the oxide of molybde- 
num be exposed upon a platinum wire to the point of the 
reduction flame, a bright green color is communicated to the 
flame of oxidation. Take a small piece of the native sulphide 
of molybdenum, and expose it in the platinum tongs to the 
flame referred to above, when the green color characteristic of 
this metal will be exhibited. 

(i.) Telluric Acid. — If the flame of reduction is directed 
upon a small piece of the oxide of tellurium placed upon char- 
coal, a bright green color is produced. Or if telluric acid be 
submitted to the redaction flame upon the loop of a platinum 
wire, it communicates to the outer flame the bright green of 
tcllarium. If the sublimate found upon the charcoal in the 
first experiment be submitted to the blowpipe flame, the green 
color of telluriam is produced while the sublimate is volatilized. 
If selenium be present the green color is changed to a deep 
blue one. 
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D. YELLOW. 

The salts of soda all give a bright yellow color when heated 
in the platinum loop in the reduction flame. This color Is 
very persistent, and will destroy the color of almost any other 
substance. Every mineral of which soda is a constituent, 
gire this bright orange-yellow reaction. Even the silicate of 
soda itself imparts to the flame of oxidation the characteristic 
yellow of soda. 

B. RED. 

{a,) Strontia, — Moisten a small piece of the chloride of 
strontium, put it in the platinum forceps and submit it to the 
flame of reduction, when the outer flame will become colored 
of an intense red. If the salt of strontia should be a soluble 
one, the reaction is of a deeper color than if an insoluble salt 
is used, while the color is of a deeper crimson if the salt is 
moistened. If the salt be a soluble one, it should be moistened 
and dipped into the flame, while if it be an insoluble salt, it 
should be kept dry and exposed beyond the point of the flame. 
The carbonate of strontia should be moistened with hydro- 
chloric acid instead of water, by which its color similates that 
of the chloride of strontium when moistened with water. In 
consequence of the decided red color which strontia commu- 
nicates to flame, it is used by pyrotechnists for the purpose of 
making their ** crimson fire." 

{b,) IMUa, — ^The color of the flame of lithia is slightly 
inclined to purple. The chloride, when plaeed in the platinum 
loop, gives to the outer flame a bright red color, sometimes 
with a slight tinge of purple. Potash does not prevent this 
reaction, although it may modify it to violet ; but the decided 
color of soda changes the red of lithia to an orange color. If 
much soda be present, the color of the lithia is lost entirely. 
The color of the chloride of lithium may be distinctly produced 
before the point of the blue flame, and its durability may be 
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tbe means of determining it from that of lithiam, as the latter, 
under the same conditions, is qnite evanescent The minerals 
which contain lithia, frequently contain soda, and thns the lat- 
ter destroys the color of the former. 

(c) Potash. — The salts of potash, if the add does not inter- 
fere, give a pnrplish-red color before the blowpipe ; but as the 
color is more discemibly a pnrple, we have classed it onder that 
color. 

{d.) lAme. — ^The color of the flame of lime does not greatly 
differ from that of strontia, with the exception that it is not so 
decided. Arragonite and calcareoos spar, moistened with hydro- 
chloric acid, and tried as directed for strontia, produce a red 
light, not unlike that of strontia. The chloride of calcium f^i\^ 
a red tinge, but not nearly so decided as the chloride of strontium. 
The carbonate of lime will produce a yellowish flame for a while, 
until the carbonic acid is driren ofl^ when the red color of the 
lime may b« discerned. 

K the borate or phosphate of lime be used, the green color 
of the acids predominates over the red of the lime. Baryta also 
destroys the red color of the lime, by mixing its green color 
with it. There is but one silicate of lime which colors the 
flame red, it is the yariety termed tabular spar. 

5. EXAMINATIOMS IK THE BORAX BEAD. 

■ 

In order to examine a substance in borax, the loop of the 
platinum wu*e should, after being thoroughly cleaned, and 
heated to redness, be quickly dipped into the powdered 
borax, and then quickly transferred to the flame of oxidation, 
and there fused. If the bead is not large enough to fill the 
loop of the wire, it must be subjected again to the same pro- 
cess. By examining the bead, both when hot and cold, by 
holding it up against the light, it can be soon ascertained whe- 
ther it is free from dirt by the transparency, or the want of it, of 
the bead. 

In order to make the examination of a substance, the bead 
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should be melted and pressed against it, when enough will 
adhere to answer the purpose. This powder should then be 
fused in the oxidation flame until it mixes with, and is tho- 
roughly dissolved by the borax bead. 

The principal objects to be determined now are : the color of 
the borax bead, both when heated and when cooled ; also the 
rapidity with which the substance dissolves in the bead, and if 
any gas is eliminated. 

If the color of the bead is the object desired, the quantity of 
the substance employed must be very small, else the bead will 
be so deeply colored, as in some cases to appear almost opaque, 
as, for instance, in that of cobalt. Should this be the case, 
then, while the bead is still red hot, it should be pressed flat 
with the forceps ; or it may, while soft, be pulled out to a thin 
thread, whereby the color can be distinctly discovered- 
Some bodies, when heated in the borax bead, present a clear 
bead both while hot and cold ; but if the bead be heated 
with the intermittent flame, or in the flame of reduction, it 
becomes opalescent, opaque or milk-white. The alkaline earths 
are instances of this kind of reaction, also glucina oxide 
of cerium, tantalic and titanic acids, yttria and zirconia. 
But if a small portion of silica should be present, then the bead 
becomes clear. This is likewise the case with some silicates, 
provided there be not too large a quantity present, that is : over 
the quantity necessary to saturate the borax, for, in that case, 
the bead wiU be opaque when cool. 

If the bead be heated on charcoal, a small tube or cavity 
must be scooped out of the charcoal, the bead placed in it, and 
the flame of reduction played upon it. When the bead is per 
fectly fused, it is taken up between the platinum forceps and 
pressed flat, so that the color may be the more readily discerned. 
This quick cooling also prevents the protoxides, if there be any 
present, from passing into a higher degree of oxidation. 

The bead should first be submitted to the oxidation flame, 
and any reaction carefully observed. Then the bead should be 
submitted to the flame of reduction. It must be observed that 
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the platinnm forceps should not be nsed when there is danger 
of a metallic oxide being redaced, as in this case the metal 
would alloy with the platinum and spoil the forceps. In this 
case charcoal should be used for the support.* If, however, 
there be oxides present which are not reduced by the borax, 
then the platinum loop may be used. Tin is frequently used 
for the purpose of enabling the bead to acquire a color for an 
oxide in the reducing flame, by its affinity for oxygen. The 
oxide, thus being reduced to a lower degree of oxidation, 
imparts its peculiar tinge to the bead as it cools. 

The arsenides and sulphides, before being examined, should 
be roasted, and then heated with the borax bead. The arsenic 
of the former, it should be observed, will act on the glass tube 
in which the sublimation is proceeding, if the glass should 
contain lead. 

It should be recollected that earths, metallic oxides, and 
metallic acids are soluble in borax, except those of the easily 
reducible metals, such as platinum or gold, or of mercury, which 
too readily vaporize. Also the metallic sulphides, after the 
sulphur has been driven off. Also the salts of metals, after 
their acids are driven off by heat. Also the nitrates and car- 
bonates, after their acids are driven off during the fusion. 
Also the salts of the halogens, such as the chlorides, iodides, 
bromides, etc., of the metals. Also the silicates, but with 
great tardiness. Also the phosphates and borates that fuse in 
the bead without suffering decomposition. The metallic sul- 
phides are insoluble in borax, and many of the metals in the 
pure state. 

There are many substances which give clear beads with 
borax both while hot and cold, but which, upon being heated 
with the intermittent oxidation flame, become enamelled and 
opaque. The intermittent flame may be readily attained, 
not by varying the force of the air from the mouth, but by 
raising and depressing the bead before the point of the steady 
oxidating flame. The addition of a little nitrate of potash 
will often greatly facilitate the production of a color, as it 



72 ThbBlowpipe. 

oxidizes the metal. The hot bead should be pressed upon a 
small crystal of the nitrate, when the bead swells, intomesces, 
and the color is manifested in the surface of the bead. 



6. EXAMINATIONS IN MICSOCOSMIG SALT. 

Microcosmic salt is a better flux for many metallic oxides 
than borax, as the colors are exhibited in it with more strength 
and character. Microcosmic salt is the phosphate of soda and 
ammonia. When it is ignited it passes into the biphosphate 
of soda, the ammonia being driven oflT. This biphosphate of 
soda possesses an excess of phosphoric acid, and thus has 
the property of dissolving a great number of substances, in 
fact almost any one, with the exception of silica. If the 
substances treated with this salt consist of sulphides or arse- 
nides, the bead must be heated on charcoal. But if the 
substance experimented upon consists of earthly ingredients 
or metallic oxides, the platinum wire is the best. If the latter 
is used a few additional turns should be given to the wire in 
consequence of the greater fluidity of the bead over that of 
borax. The microcosmic salt bead possesses the advantage 
over that of borax, that the colors of many substances are 
bette> discerned in it, and that it separates the acids, the more 
volatile ones being dissipated, while the fixed ones combine 
with a portion of the base equally with the phosphoric acid, 
or else do not combine at all, but float about in the bead, as 
is the case particularly with sUicic acid. Many of the 
silicates give with borax a clear bead, while they form with 
microcosmic salt an opalescent one. 

It frequently happens, that if a metallic oxide will not giv^ 
its peculiar color in one of the flames, that it will in the other, 
as the difference in degree with which the metal is oxidized 
often determines the color. If the bead is heated in the re- 
ducing flame, it is well that it should be cooled rapidly to 
prevent a reoxidation. Reduction is much facilitated by the 
employment of metallic tin, whereby the protoxide or the 
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reduced metal maj be obtained in a comparatiTely brief 
time. 

The foUowing tables, taken from Plattner and Sherer, will 
present the reactions of the metallic oxides, and some of the 
metallic acids, in snch a clear light, that the stndent cannot 
very easily be led astray, if he gives the least attention to them. 
It frequently happens that a tabular statement of reactions 
wiU impress facts upon the memory when long detailed' descrip- 
tions will fail to do so. It is for this purpose that we sabjoin 
the following excellent tables. 



TABLE I. 



BORAX 

1. Oxydiziiig flame, 
a. Redtt<»Bg ** 



B. UIGROCOSMIG SALT. 
1. Oxydiziog flame. 
». Reducing ** 



TABLE I. 



BORAX. 

1. Oxydizing flame. 

a. BeduoiBg '' 



B. UICROCOSMIC SALT. 
1. Oxydiziog flame. 
% Bedoeing 
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which has become opa- 
lescent on cooling, is 
rendered clear in the 
reducing flame. With 
a larger addition of the 
acid, it becomes dull, 
and of a bluish-grey co- 
lor on cooling, and a 
sail larger amount ren- 
ders it opaque and bluish 
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Behaves in a similar 
manner to tantalio acid, 
but the glass requires a 
very large dose of the 
acid to render it opaque 
under an intemiitteut 
flame. With an increased 
amount of the acid, the 
glass is clear and .yellow, 
while warm, but becomes 
on cooling turbid, and 
when quite cold is white. 
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of the acid, the bead 

violet tinge. This reac- 
tion is readily obtained 
upon charcoal. Sulphate 
of iron renders die bead 
blood red. 


On charcoal the satn- 
rated glass becomes at 
first dull, but as soon as 
the reduced antimony ia 
volatilized, it again be- 
comes clear. With tin, 
the glaea is at first ren- 
dered grey by the re- 

continued blowing is 
restored lo clearness. 
Even when the glass 
contains but little oiide, 
tin produces this reac- 
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A bead contaimng suf- 
ficient of the acid to 
render it^fpoatBneou8ly 
opaque on cooling, has 
a greyish color. 


A bead, that has only 
been treated for a short 
time in the oiidizing 
flame, when submitted 
to the reducing flame 
becomes grey and turbid 
from tbe reduced anti- 
mony. This soon vola- 
tilizes and the glass again 
becomes clear. The ad- 
dition of tin renders the 
{■lass ash-ercy or black, 
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Even when in large 
proportion, dissolves to 
a clear glass, which ia 
yellow when warm, but 
almost entirely loses its 
color on cooling. On 
charcoal, the autirao- 
niouB acid may be al- 
most expelled, so that 
tin producea no further 
change. 
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When the oxide is pre- 
sent in small quantity, 

change. With a larger 
proportion, the glass la 
deep jallow while warm, 
and yellowish -brown 
when cold. Tliis reac 
don takes place upon 
charcoal, with a small 
quantity of the acid. Tin 
produces a dark colora- 
tion, when the acid is 
not present in too great 
a quantity* 
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Diasoives readily to a 
clear colorless glass. In 
large proportion it ren- 
ders the borax yellow, 
while warm, and with a 
still greater addition the 
bead may be made opa- 
que with an inlermittfot 
flame. If more be then 
added, this reaction takes 
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bnlUant green, similar 
to that produced by oi- 
ide of chromium. The 
reaction on charcoal is 
precisely limilar. Tin 
renders the color Bome- 
whal darker. 
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of a yollowiah-green co- 
lor when warm, and be- 
comes nearly coIorleBS 
on cooling. On char- 
coal, the glass becomes 
dark, and when cool has 
a beautiful green color. 
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when In large quantity, 
perfectly opaque. In a 
strong flame, oxide of 

molybdenum is formed 
which U risible in the 
yellow glass in the form 
of black flakes. If the 

should be flattened with 
the forceps. 
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1. EXAMINATIONS WITH CARBONATE OF SODA. 

The carbonate of soda is pulverized and then kneaded to a 
paste with water; the substance to be examined, in fine powder, 
is also mixed with it. A small portion of this paste is placed 
on the charcoal, and gradually heated until the moisture is 
expelled, when the heat is brought to the fusion of the bead, 
or as high as it can be raised. Several phenomena will take 
place, which must be closelj observed. Notice whether the 
substance fuses with the bead, and if so, whether there is intu- 
mescence or not. Or, whether the substance undergoes reduc- 
tion; or, whether neither of these reactions takes place, and, on 
the contrary, the soda sinks into the charcoal, leaving the sub- 
stance intact upon its surface. If intumescence takes place, the 
presence of either tartaric acid, molybdic acid, silicic, or tung- 
stic acid, is indicated. The silicic acid will fuse into a bead, 
which becomes clem: when it is cold. Titanic acid will fuse 
into the bead, but may be easily distinguished from the silicic 
acid by the bead remaining opaque when cold. 

Strontia and baryta will flow into the charcoal, but lime will 
not. The molybdic and tungstic acids combine with the soda, 
forming the respective salts. These salts are absorbed by 
the charcoal. If too great a quantity of soda is used, the bead 
will be quite likely to become opaque upon cooling, while, if 
too small a quantity of soda is used, a portion of the substance 
will remain undissolved. These can be equally avoided by 
either the addition of soda, or the substance experimented 
upon, as may be required. 

As silica and titanic acid are the only two substances that 
produce a clear bud, the student, if he gets a clear bead, may 
almost conclude tnat he is experimenting with silica, titanic 
acid being a rare substance. When soda is heated with 
silica, a slight effervescence will be the first phenomenon no- 
ticed. This is the escape of the carbonic acid of the carbonate 
of soda, while the silicic acid takes its place, forming a glass 
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with the soda. As titanic acid will not act in the same man- 
ner as silica, it can be easily distinguished by its bead not 
being perfectly pellucid. If the bead with which silica is 
fused should be tinted of a hyacinth or yellow color, this may 
be attributed to the presence of a small quantity of sulphur or 
a sulphate, and this sometimes happens from the fact of the 
flux containing sulphate of soda. The following metals, 
when exposed with carbonate of soda to the reducing fiame, 
are wholly or partially reduced, viz. the oxides of all the 
noble metals, the oxides and aeids of tungsten, molybdenum, 
arsenic, antimony, mercury, copper, tellurium, zinc, lead, bis- 
muth, tin, cadoiium, iron, nickel, and cobalt. Mercury and 
arsenic, as soon as they are reduced, are dissipated, while 
tellurium, bismuth, lead, antimony, cadmium, and zinc, are only 
partially Tolatilized, and, therefore, form sublimates on the 
charcoal. Those metals which are difficult of reduction should 
be fused with oxalate of potassa, instead of the carbonate of 
soda. The carbonic oxide formed from the combustion of the 
acid of this salt is very efficient in the reduction of these metals. 
Carbonate of soda is very efficient for the detection of minute 
quantities of manganese. The mixture of the carbonate of 
soda with a small addition of nitrate of potassa, and the 
mineral containing manganese, must be fused on platinum 
foil. The fused mass, when cooled, presents a fine blue color. 

1. The following minerals, according to Griffin, produce 
beads with soda, but do not fuse when heated alone : quartz, 
agalmatolyte, dioptase, hisingerite, sideroschilosite, leucite^ 
rutile, pyrophyllite, wolckonskoite. 

2. The following minerals produce only slags with soda : 
allophane, cymophane, polymignite, seschynite, oerstedtite, titan- 
iferous iron, tantalite, oxides of iron, yttro-l^talite, oxides of 
manganese, peroxide of tin (is reduced), borate of alumina, 
hydrate of magnesia, spinel, gahnite, worthite, carbonate of 
zinc, pechuran, zircon, thorite, andalusite, staurolite, gehlenite, 
chlorite spar, chrome ochre, uwarowite, chromate of iron, car- 
bonates of the earths, carbonates of the metallic oxides, basic 
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phosphate of yttria, do. of alamina, do. of lime, persulphate of 
iron, sulphate of alamina, alaminite, alamstone, flaoride of 
cerium, yttrocerite, topaz, corundum, pleonaste, chondrodite. 

3. The following minerals produce beads with a small quan- 
tity of soda, but produce slags if too much soda is added : 
phenakite, pierosmine, olivine, cerite, cyanite, talc, gadolinite, 
lithium-tourmaline. 

1. The following minerals, when fused alone, produce beads. 
Of these minerals the following produce beads with soda : the 
zeolites, spodumene, sodarspodumene, labrador, scapolite, sodalite 
(Greenland), elseolite, mica from primitive lime-stone, black 
talc, acmite, krokidolite, lievrite, cronstedtite, garnet, cerine, 
helvine, gadolinite, boracic acid, hydroboracite, tincal, boracite, 
datholite, botryolite, axinite, lapis lazuli, eudialyte, pyrosmalite, 
cryolite. 

2. The following minerals produce beads with a small quan- 
tity of soda, but if too much is added they produce slags : 
okenite, pectolite, red silicate of manganese, black hydro-sili- 
cate of manganese, idocrase, manganesian garnets, orthite, 

' pyrorthite, sordawalite, sodaUte, fluorspar. 

3. The following minerals produce a slag with soda : brevi- 
cite, amphodelite, chlorite, fahlunite, pyrope, soap-stone (Cor- 
nish) red dichroite, pyrargillite, black potash tourmaline, wol- 
fram, pharmacolite, scorodite, arseniate of iron, tetraphyline, 
hetepozite, urauite, phosphate of iron, do. of strontia, do. of 
magnesia, polyhalite, hauyne. 

4. The following metals are reduced by soda : tungstate of 
lead, molybdate of lead, vanadate of lead, chromate of lead, 
vauquelinite, cobalt bloom, nickel ochre, phosphate of copper, 
sulphate of lead, chloride of lead, and chloride of silver. 

The following minerals fuse on the edges alone, when heated 
in the blow-pipe flame : 

1. The following produce beads with soda : steatite, meer- 
schaum, felspar, albite, petalite, nepheline, anorthite, emerald, 
euclase, turquois, sodalite (Vesuvius), 

2. The following minerals produce beads with a small quan- 

5* 
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titj of soda, but with the addition of more produce slags : 
tabular spar, diallage, hjpersthene, epidote, zoisite. 

3. The following minerals produce slags only with soda : 
stilpnosiderite, plombgomme, serpentine, silicate of manga- 
nese (from Piedmont), mica from granite, pimelite, pinite, blue 
dichroite, sphene, karpholite, pyrochlore, tungstate of lime, 
green soda tourmaline, lazulite, heavy spar, gypsum. 

The reactions of substances, when fused with soda in the 
flame of oxidation may be of use to the student. A few of 
them are therefore given. Silica gives a clear glass. 

The oxide of tellurium and telluric acid gives a clear bead 
when it is hot, but white after it is cooled. 

Titanic acid gives a yellow bead when hot. 

The oxide of chromium gives also a clear yellow glass when 
hot, but is opaque when cold. 

Molybdic acid gives a clear bead when hot, but is turbid and 
white after cooling. 

The oxides and acids of antimony give a clear and colorless 
bead while hot, and white after cooling. 

Yanadic acid is absorbed by the charcoal, although it is not* 
reduced. 

Tungstic acid gives a dark yellow clear bead while hot, but 
is opaque and yellow when cold. 

The oxides of manganese give to the soda bead a fine char- 
acteristic green color. This is the case with a very small quan- 
tity. This reaction is best exhibited on platinum foil. 

Oxide of cobalt gives to the bead while hot a red color, 
which, upon being cooled, becomes grey. 

The oxide of copper gives a clear green bead while hot. 

The oxide of lead gives a clear colorless bead while hot, 
which becomes, upon cooling, of a dirty yellow color and 
opaque. 

The following metals, when they are fused with soda on char- 
coal, in the flame of reduction, produce volatile oxides, and 
leave an incrustation around the assay, viz. bismuth, zinc, 
lead, cadmium, antimony, selenium, tellurium, and arsenic. 
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Bismuth, nnder the reduction flame, yields small particles of 
metal, which are brittle and easily crashed. The incrastation 
is of a flesh color, or orange, when hot, bat gets lighter as it 
cools. The sublimate may be driven about the charcoal from 
place to place, by either flame, but is finally dissipated. While 
antimony and tellnriam, in the act of dissipation, give color to 
the flame, bismuth does not, and may thus be distinguished 
from them. 

ZiTic deposits an incrustation about the assay, which is yel- 
low while hot, but fades to white when cold. The reduction 
flame dissipates this deposit, but not that of oxijdation. All 
the zinc minerals deposit the oxide incrustation about the 
assay, which, when moistened with a solution of cobalt and 
heated, changes to green. 

Lead is very easily reduced, in small particles, and may be 
easily distinguished by its flattening under the hammer, unlike 
bismuth. It leaves an incrustation around the assay resem- 
bling that of bismuth, in the color of it, and in the peculiar 
manner in which it lies around the assay. 

Cadmium deposits a dull reddish incrustation around the 
assay. Either of the flames dissipate the sublimate with the 
greatest readiness. 

AntimoTvy reduces with readiness. At the same time it yields 
considerable vapor, and deposits an incrustation around the 
assay. This deposit can be driven about on the charcoal by 
either of the flames. The flame of reduction, however, pro- 
duces the light blue color of the antimony. 

Selenium is deposited on the charcoal as a grey metallic^ 
looking sublimate, but sometimes appearing purple or blue. 
If the reduction flame is directed on this deposit, it is dissi- 
pated with a blue light. 

TeUurium is deposited on the charcoal as a white sublimate 
sometimes changing at the margin to an orange or red color. 
The oxidation flame drives the deposit over the charcoal, while 
the reduction-flame dissipates it with a greenish color. 

Arsenic is taporized rapidly, while there is deposited around 
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the assay a white incrustation of arsenions acid. This deposit 
will extend to some distance from the assay, and is readily rol- 
atilizedy the redncing flame producing the characteristic allia- 
ceous color. 

The following metals, or their compounds, are reduced when 
fused with soda on charcoal, in the flame of reduction. They 
are reduced to metallic particles, but gire no incrustation, viz. 
nickel, cobalt, iron, tin, copper, gold, silver, platinum, tungsten, 
and molybdenum. 

The particles of iron, nickel, and cobalt, it should be borne 
in mind, are attracted by the magnet. 

The following substances are neither fused nor reduced in 
soda, viz. alumina, magnesia, lime, baryta, strontia, the oxide 
of uranium, the oxides of cerium, zirconia, tantalic acid, tho- 
rina, glucina, and yttria. Neither are the alkalies, as they 
sink into the charcoal. The carbonates of the earths, strontia, 
and baryjba fuse. 
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Part III. 



SPECIAL REACTIONS; OR, THE BEHAVIOR OF 
SUBSTANCES BEFORE THE BLOWPIPE. 

Analytical chemistry may be termed the art of converting 
the unknown constituents of substances, bj means of certain 
operations, into new combinations which we recognize through 
the physical and chemical properties which they manifest. 

It is, therefore, indispensably necessary, not only to be cogni- 
zant of the peculiar conditions by which these operations can 
be eflfected, but it is absolutely necessary to be acquainted with 
the forin3 and combinations of the resulting product, and with 
every modification which may be produced by altering the con- 
ditions of the analysis. 

We shall first give the behavior of simple substances before 
the blowpipe ; and the student should study this part thor- 
oughly, by repeating each reaction, so that he can acqaire a 
knowledge of the color, form, and physical properties in gene- 
ral, of the resulting combination. There is nothing, perhaps, 
which will contribute more readily to the progress of the pupil, 
than thorough practice with the reactions recommended in this 
part of the work, for when once the student shall have acquired 
a practical eye in the discernment of the peculiar appearances 

109 
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of substances after tliej have undergone the decompositions 
produced by the strong heat of the blowpipe flame, together 
with the reactions incident to these changes, then he will have 
greatly progressed in his study, and the rest will be compara- 
tively simple. 

A. METALLIC OXIDES. 

OROUP FIRST. ^THE ALKALIES: POTASSA, SODA, AMMONIA, AKD 

LITHIA. 

The alkalies, in their pure, or carbonated state, render red- 
dened litmus paper blue. This is likewise the case with the 
sulphides of the alkalies. The neutral salts of the alkalies, 
formed with the strong acids, do not change litmus paper, but 
the salts formed with the weak acids, render the red litmus paper 
blue; for instance, the alkaline salts with boracic acid. Fused 
with borax, soda, or microcosmic salt, they give a clear bead. 
The alkalies and their salts melt at a low red heat. The alka- 
lies cannot be reduced to the metallic state before the blow- 
pipe. They are not volatile when red hot, except the alkali 
ammonia, but they are volatile at a white heat. 

(a.) Potassa (KO). — It is not found free, but in combinsr 
tion with inorganic and organic acids, as well in the animal as 
in the vegetable organism, as in the mineral kingdom. In the 
pure, or anhydrous state, or as the carbonate, potassa absorbs 
moisture, and becomes fluid, or is deliquescent, as it is termed. 
By exposing potassa, or its easily fusible salts (except the phos- 
phate or borate), upon platinum wire, to the point of the blue 
flame, there is communicated to the external flame a violet 
color, in consequence of a reduction and reoxidation. This 
color, though characteristic of all the potassa compounds, is 
scarcely visible with the phosphate or borate salts of that 
alkali. The admixture of a very little soda (37^*^) destroys 
the color imparted by the potassa, while the flame assumes a 
yellow color, characteristic of the soda. The presence of lithia 
changes the violet color of the potash into red. The silicates 
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of potassa must exist in pretty large proportion before they can 
be detected by the violet color of the flame, and those minerals 
must melt easily at the edges. The presence of a little soda in 
these instances conceals the reaction in the potassa entirely. 

If alcohol is poured over potassa compounds which are pow- 
dered, and then set on fire, the external flame appears yiolet- 
colored, part^'cularly when stirred with a glass rod, and when 
the alcohol is really consumed. The presence of soda in lithia 
will, in this case likewise, hide by their own characteristic 
color, that of the potassa. 

The salts of potassa are absorbed when fused upon charcoal. 
The*salphur, bromine, chlorine, and iodine compounds of potassa 
give a white, but easily volatile sublimate upon the charcoal, 
around the place where the fused substance reposed. This 
white sublimate manifests itself only when the substance is 
melted and absorbed within the charcoal, and ceases to be 
visible as soon as it is submitted to the reducing flame, while 
the external flame is colored violet; sulphate of potassa, for 
instance, is reduced by the glowing charcoal into the sulphide. 
This latter is somewhat volatile, but by passing through the 
oxidation flame, it is again oxidized into the sulphate. This, 
being less volatile, sublimes upon the charcoal, but by expos- 
ing it again to the flame of reduction, it is reduced and carried 
off to be again oxidized by its passage through the oxidation 
flame. 

Potassa and its compounds give, with soda, borax or micro- 
cosmic salt, as well when hot as cold, colorless beads, unless 
the acid associated with the alkali should itself produce a 
color. When borax is fused with some pure boracic acid, and 
. sufficient of the oxide of nickel is added, so that the beads 
appear of a brown color after being cooled, and then the bead 
thus produced fused with the substance suspected to contain 
potassa, in the oxidation flame, the brown color is changed 
to blue. The presence of the other alkalies does not prevent 
this reaction. As it is not possible to detect potassa com- 
pounds with unerring certainty by the blowpipe flame, the 
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the wet method should be resorted to for the purpose of 
confirming it. 

The silicates of potassa must be prepared as follows, for ana- 
lytical purposes by the wet way. Mix one part of the finely 
powdered substance with two parts of soda (free from potassa), 
and one part of borax. Fuse the mixture upon charcoal in the 
oxidation flame to a clear, transparent bead. This is to be 
exposed again with the pincers to the oxidation flame, to burn 
off the adhering coal particles. Then pulverize and dissolve in 
hydrochloric acid to separate the silica; evaporate to dryness, 
dissolve the residue in water, with the admixture Of a little 
alcohol, and test the filtrate with chloride of platinum for pot' 
assa. 

(b.) Soda (NaO). — This is one of the most abundant sub- 
stances, although seldom found free, but combined with chlorine 
or some other less abundant compound. Soda, its hydrate and 
salts manifest in general the same properties as their respective 
potash compounds ; but the salts of soda mostly contain crystal 
water, which leaves the salts if they are exposed to the air, and 
the salts effervesce. 

By exposing soda or its compounds upon a platinum wire to 
the blue flame, a reddish-yellow color is communicated to the 
external flame, which appears as a long brilliant stream and 
considerably increased in volume. The presence of potash does 
not prevent this reaction of soda. If there is too large a 
quantity of potash, the flame near to the substance is violet- 
colored, but the edge of the flame exhibits the characteristic 
tint of the soda. The presence of lithia changes the yellow 
color to a shade of red. 

When alcohol is poured over powdered soda compounds and 
lighted, the flame exhibits a reddish-yellow color, particularly 
if the alcohol is stirred up with a glass rod, or if the alcohol is 
nearly consumed. 

Fused upon .charcoal, soda compounds are absorbed by the 
coal. The sulphide, chloride, iodide, and bromide of soda 
yield a white sublimate around the spot where the substance is 
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laid, bat this sublimate is not so copious as that of the potash 
compounds, and disappears when touched with the reduction 
flame, communicating a yellow color to the external flame. 
The presence of soda in compounds must likewise be confined 
by reactions in the wet way. 

(c.) Ammonia (NH*0). — In the fused state, and at the 
usual temperature, ammonia is a pungent gas, and exerts a 
reaction upon litmus paper similar to potash and soda. 
Ammonium is considered by chemists as a metal, from the 
nature of its behavior with other substances. It has not been 
isolated, but its existence is now generally conceded by all 
chemists. The ammonia salts are volatile, and many of them 
sublimate without being decomposed. 

The salts of ammonia, on being heated in the point of the 
blue flame, produce a feeble green color in the external flame, 
just previous to their being converted into vapor. But this 
color is scarcely visible, and presents nothing characteristic. 
When the ammonia salts are mixed with the carbonate of soda, 
and heated in a glass tube closed at one end, carbonate of 
ammonia is sublimed, which can be readily recognized by its 
penetrating smell of spirits of hartshorn. 

This sublimate will render blue a slip of red litmus paper. 
This can be easily done by moistening the litmus paper, and 
then inserting the end of it in the tube. By holding a glass 
rod, moistened with dilute hydrochloric acid, over the mouth 
of the tube, a white vapor is instantly rendered visible (sal 
ammoniac). 

(d,) Lithia (LiO). — In the pure state, lithia is white and 
crystalline, not easily soluble in water, and does not absorb 
moisture. It changes red litmus to blue, and at a low red 
heat it melts. Lithia or its salts, exposed to the point of the 
blue flame, communicates a red color to the external or 
oxidation flame, in consequence of a reduction, sublimation, 
and re-oxidation of the lithia. An admixture of potash 
communicates to this flame a reddish-violet color, and the 
presence of soda that of a yellowish-red or orange. If the 
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if the sabstance is operated with in small qnantities. The 
chloride of bariam produces the deepest color. This color is 
less intense if the carbonate or sulphate is used. The presence 
of strontia, lime, or magnesia, does not suppress the reaction of 
the baryta, unless they greatly' predominate. 

When alcohol is poured over baryta or its salts, and inflamed, 
a feeble green color is communicated to. the flame, but this 
color should not be considered a characteristic of the salt. 

Baryta and its compounds give, when fused with carbonate 
of soda upon platinum foil, a clear bead. Fused with soda 
upon charcoal, it is absorbed. The sulphate fuses at first to a 
clear bead, which soon spreads, and is absorbed and converted 
while boiling into a hepatic mass. If this mass is taken oat, 
placed upon a piece of polished silver and moistened with a 
little water, a black spot of sulphide of silver is left after wash- 
ing off the mass with water. 

Borax dissolves baryta and its compounds with a hissing 
noise, as well in the flame of oxidation as in that of reduction. 
There is formed a clear bead which, with a certain degree of 
saturation, is clear when cold, but appears milk-white when 
overcharged, and of an opal, enamel appearance, when heated 
intermittingly, or with a vacillating flame, that changes fre- 
quently from the oxidating to the reducing flame. Baryta and 
its compounds produce the same reactions with microcosmic salt 

Baryta and its compounds fuse when exposed to ignition in 
the oxidizing flame. Moistened with the solution of nitrate of 
cobalt, and heated in the oxidation flame, it presents a bead, 
colored from brick-red to brown, according to the quantity 
used. This color disappears when cold, and the bead falls to a 
pale grey powder after being exposed awhile to the air. When 
heated again, the color does not appear until fusion is effected. 
If carbonate of soda is fused upon platinum wire with so much 
of the sesquioxide of manganese that a green bead is produced, 
this bead, when fused with a sufficient quantity of baryta, or 
its compounds, after cooling, will appear of a bluish-green, or 
light blue color. 
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(J.) Strontia (SrO). — Strontia and its compounds are ana- 
logous to the respective ones of baryta. The hydrate of 
strontia has the same properties as the hydrate of baryta, 
except that it is less soluble in water. The carbonate of 
strontia fuses a little at a red heat, swells, and bubbles up like 
cauliflower. This produces, in the blowpipe flame, an intense 
and splendid light, and now produces an alkaline reaction upon 
red litmus paper. The sulphate of strontia melts in the oxida- 
dation flame upon platinum foil, or upon charcoal, to a milk- 
white globule. This fuses upon charcoal, spreads and is 
reduced to the sulphide, which is absorbed by the charcoal. 
It now produces the same reactions upon polished diver as the 
sulphate of baryta under the same conditions. By exposing 
strontia and its compounds upon platinum wire, or as a spUnter 
with the platinum tongs, to the point of the blue flame, the 
external flame appears of an intense crimson color. The deep- 
est red color is produced by the chloride of strontium, particu- 
larly at the first moment of applying the heat. After the salt 
is fused, the red color ceases to be visible in the flame, by 
which it is distinguished from the chloride of lithium. The car- 
bonate of strontia swells up and produces a splendid white 
light, while the extei'nal flame is colored of a fine purple-red. 
The color produced by the sulphate of strontia is less intense. 
The presence of baryta destroys the reaction of the strontia, 
the^ flame presenting the light green color of the baryta. 

If alcohol is poured over powdered strontia and inflamed, 
the flame appears purple or deep crimson, particularly if the 
fluid is stirred with a glass rod, and when the alcohol is nearly 
consumed. 

The insoluble salts of strontia do not produce a very intense 
color. Baryta does not prevent the reaction of the soluble 
salts of strontia, unless it exists greatly in excess. In the 
presence of baryta, strontia can be detected by the following 
process : mix some of the substance under examination with 
some pure graphite and water, by grinding in an agate mortar. 
Place the mixture upon charcoal, and expose it for a while to 
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the redaction flame. The substance becomes reduced to snl- 
phide of barium and sulphide of strontium, when it should be 
dissolved in hydrochloric acid. The solution should be evapo- 
rated to dryness, rddissolved in a little water, and enough alco- 
hol added that a spirit of 80 per cent, is produced. Inflame 
the spirit, and if strontia is present, the flame is tinged of a 
red color. This color can be discerned more distinctly by 
moistening some cotton with this spirit and inflaming it. 

If strontia or its compounds are fused with a green bead of 
carbonate of soda and sesquioxide of manganese, as described 
under the head of baryta, a bead of a brown, brownish-green, 
or dark grey color is produced. Carbonate of soda does not 
dissolve pure strontia. The carbonate and sulphate of strontia 
melt with soda upon platinum foil to a bead, which is milk- 
white when cold, but fused upon charcoal they are absorbed. 
Strontia or its compounds produce with borax, or microcosmic 
salt, the same reactions as baryta. When they are moistened 
with nitrate of cobalt, and ignited in the oxidizing flame, a 
black, or grey infusible mass is produced. 

(c.) Limey Oxide of Caldvm (CaO). — ^Lime does not occur 
free in nature, but in combination with acids, chiefly the car- 
bonic and sulphuric. The phosphate occurs principally in 
bones. The hydrate and the salts of lime are in their pro- 
perties similar to those of the two preceding alkaline earths. 
In the pure state, the oxide of calcium is white; it slakes* 
produces a high temperature, and falls into a white powder 
when sprinkled with a little water. It is now a hydrate, 
and has greatly increased in volume." The hydrate of lime 
is far less soluble in water than either those of baryta or 
strontia, and is less soluble in hot water than in cold. Lime, 
its hydrate and sulphide of calcium, have a strong alkaline 
reaction upon red litmus paper. Lime and its hydrate are 
infusible, but produce at a strong red heat a very intense and 
splendid white light, while the hydrate loses its water. The 
carbonate of lime is also infusible, but at a red heat the 
carbonic acid is expelled, and the residue becomes caustic, 
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appears whiter, and prodnces an intenser light. The sulphate 
of lime melts with difficulty, and presents the appearance of an 
enamelled mass when cold. Bj heating it npon charcoal it 
fuses in the reducing flame, and is reduced to a sulphide. This 
has a strong hepatic odor, and exerts an alkaline reaction upon 
red litmus paper. By exposing lime, or its compounds, upon 
platinum wire — or as a small splinter of the mineral in the 
platinum tongs — to the point of the blue flame, a purple color, 
similar to that of lithia and strontia, is communicated to the 
external flame, but this color is not so intense as that produced 
by strontia, and appears mixed with a slight tinge of yel- 
low. This color is most intense with the chloride of calcium, 
while the carbonate of lime produces at first a yellowish color, 
which becomes red, after the expulsion of the carbonic acid. 
Sulphate of lime produces the same color, but not so intense. 
Among the silicates of lime only the tablespar (3CaO, 
2SiO') produces a red color. Fluorspar (CaFl) produces a 
red as intense as pure lime, and fuses into a bead. Phosphate 
and borate of lime produce a green flame which is only charac- 
teristic of their acids. The presence of baryta communicates 
a green color to the flame. The presence of soda produces 
only a yellow color in the external flame. 

If alcohol is poured over lime or its compounds and inflamed, 
a red color is communicated to the flame. The presence of 
baryta or soda prevents this reaction. Lime and its compounds 
do not dissolve much by fusion with carbonate of soda. If this 
fusion is effected on charcoal, the carbonate of soda is absorbed^ 
and the lime remains as a half-globular infusible mass on the char- 
coal. This is what distinguishes lime from baryta and strontia, 
and is a good method of separating the former from the latter. 
Lime and its compounds fuse with borax in the oxidizing and 
reducing flames to a clear bead, which remains clear when 
cold, but when overcharged with an excess or heated intermit. 
tingly, the bead appears, when cold, crystalline and uneven, and 
is not so milk-white as the bead of baryta or ^trontia, produced 
under the same circumstances. The carbonate of lime is dis- 
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solved with a peculiar hissing noise. Microcosmic salt dissolves 
a large quantity of lime into a clear bead, which is milkj 
when cold. When the bead has been overcharged with lime, 
by a less excess, or by an intermittent flame, we will perceive in 
the bead, when cold, fine crystals in the form of needles. Lime 
and its compounds form by ignition with nitrate of cobalt, a 
black or greyish-black infusible mass. 

(d.) Magnesia (MgO). — ^Magnesia occurs in nature in seve- 
ral minerals. It exists in considerable quantity combined with 
carbonic, sulphuric, phosphoric, and silicic acids, etc. Magnesia 
and its hydrate are white and very voluminous, scarcely soluble 
in hot or cold water, and restores moistened red litmus paper 
to its original blue color. Magnesia and its hydrate are 
infusible, the latter losing its water by ignition. The carbonate 
of magnesia is infusible, loses its carbonic acid at a red heat, 
and shrinks a little. It now exerts upon red litmus paper an 
alkaline reaction. The sulphate of magnesia, at a red heat, 
loses its water and sulphuric acid, is entirely infusible, and 
gives now an alkaline reaction. The artificial Astrachanit 
(NaO, SO* + MgO, S0' + 4H0) fuses easily. When fused on 
charcoal, the greater part of the sulphate of soda is absorbed, 
and there remains an infusible mass. 

Magnesia and its compounds do not produce any color in the 
external flame, when heated in the point of the blue flame. 
The most of the magnesia minerals yield some water when 
heated in a glass tube closed at one end. 

Magnesia, in the pure state, or as the hydrate, does not fuse 
with soda. Some of its compounds are infusible likewise with 
soda, and swell up slightly, while others of them melt with 
soda to a slightly opaque mass. Some few (such as the borate 
of magnesia) give a clear bead with soda, though it becomes 
slightly turbid by cooling when saturated with magnesia, and 
crystallizes in large facets. 

Magnesia • and its compounds give beads with borax and 
microcosmic salt similar to those of lime. By igniting mag<- 
nesia or its compounds very strongly in the oxidizing flame, 
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moistening with nitrate of cobalt, and re*igniting in the 
oxidation flame, tiiey present, after a continaed blowing, a pale 
flesh-color, which is more yisible when cold. It is indispensa- 
ble that the magnesia compounds should be completely white and 
free of colored substances, or the color referred to cannot be 
discerned. In general the reactions of magnesia before the 
blowpipe are not sufficient, and it will be necessary to confirm 
its presence or absence by aid of reagents applied in the wet 
way. 



THIRD GROUP. — ^THE EARTHS, ALUMINA, GLUCINA, YTTRIA, THORINA, 

AND ZIRCONIA. 

The substances of this group are distinguished from the pre- 
ceding by their insolubility in water, in their pure or hydrated 
state — ^that they have no alkaline reaction upon litmus paper, 
nor form salts with carbonic acid. The earths are not volatile, 
and, in the pure state, are infusible. They cannot be reduced 
to the metallic state before the blowpipe. The organic salts 
are destroyed by ignition, whUe the earths are left in l^e pure 
state, mixed with charcoal, from the organic acids. The most 
of their neutral salts are insoluble in water; the soluble neutral 
salts change blue litmus paper to red, and lose their acids when 
ignited. 

(a.) Alumina (Al'O*). — ^This earth is one of our most com- 
mon minerals. It occurs free in nature in many minerals, as 
sapphire, etc.; or in combination with sulphuric acid, phos- 
phoric acid, and fluorine, and chiefly silicates. Pure alum- 
ina is a white crystalline powder, or yellowish-white, and ^ 
amorphous when produced by drying the hydrate, separated 
chemically from its salts. Alumina is quite unalterable in the 
fire; the hydrate, however, losing its water at a low red heat. 
The neutral salts of alumina, with most acids, ai*e insoluble iu 
water. Those soluble in it have an acid reaction upon litmus 
paper, changing the blue into red. 

6 
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The sulphates of aluniiiia eliminate water when heated in a 
glass tube closed at one end. By ignition, snlphurons acid 
(SO') is giyen off, which can be recognized bj its smell, and 
bj its acid reaction npon blue litmns paper, when a small strip 
of it moistened is broaght within the <Mifice of the tube; an 
infnsible residue is left in the tnbe. 

The greater part of the alumina compounds gire off water 
with heat; the most of them are also infusible, except a few 
phosphates and silicates. 

Pare alamina does not fuse with carbonate of soda. The 
sulphates, when exposed npon charcoal with soda to the reduc- 
ing flame, leare a hepatic residue. The phosphates melt with 
a little soda, with a hissing noise, to a semi-transparent mass, 
but they are infusible with the addition of soda, and give only 
a tough mass. This is the case, likewise, with the silicates of 
alumina. Fluoride of aluminium melts with carbonate of soda to 
a clear bead, spreads by cooling, and appears then milk-white. 
Borax dissolves the alumina compounds slowly in the oxidizing 
and reducing flames to a clear bead, which is also clear when 
cold, or heated intermittingly with a Tacillating flame. The 
bead is turbid, as well in the heat as the cold, when an excess 
of alumina is present. When the alumina compound is added 
to excess in the powdered form, the bead appears crystalline 
upon cooling, and melts again with great difficulty. 

Alamina and its compounds are slowly dissolved in the 
microcosmic salt to a bead, clear in both flames, and when hot 
or cold. When alumina is added to excess, the undissolved 
portion appears semi-transparent. Alumina melts with bisnl- 
phate of potash into a mass soluble in water. When the pow- 
dered alumina compounds are strongly ignited in the oxidizing 
flame, then moistened with nitrate of cobalt, and re4gnited 
in the oxidizing flame, an infusible mass is left, which appears, 
when cooled, of an intense blue color. The presence of colored 
metallic oxides, in considerable quantity, will alter or suppress 
this reaction. The silicates of the alkalies produce, in a very 
strong heat, or continued heat, with nitrate of cobalt, a pale 
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blae color. The blue color produced by alomina is only dis- 
tinctly yisible by daylight; by candle-light it appears of a dirty 
violet color. 

(b.) Gludna. (G'O"). — Glncina only occurs in a few rare 
minerals, in combination with silica and alamina. It is white 
and insoluble in the pure state, and its properties generally are 
similar to those of alumina. The most of its compounds are 
infusible, and yield water by distillation. Carbonate of soda 
does not dissolve glueina by ignition. Silicate of glncina melts 
with carbonate of soda to a colorless globule. Borax and 
microcosmic salt dissolve glncina and its compounds to a color- 
less bead which, when overcharged with glncina, or heated with 
the intermittent flame appears, after cooling, turbid or milk- 
white. Glacina yields, by ignition with nitrate of cobalt, a 
black, or dark grey infusible mass. 

(c.) Ytiria (YO) occurs only in a few rare minerals, and 
usually in company with terbium and erbium. Its reactions 
before the blowpipe are similar to the preceding, but for its 
detection in compounds it will be necessary to resort to analy- 
sis in the wet way. 

(d.) Ziroonia (Zr*0*). — ^This substance resembles ^alumina 
in appearance, though it occurs only in a few rare minerals. 
It is in the pure state infusible, and at a red heat produces such 
a splendid and vivid white light that the eyes can scarcely 
endure it. Its other reactions before the blowpipe are analo- 
gous to glncina. Microcosmic salt does not dissolve so much 
zirconia as glncina, and is more prone to give a turbid bead. 
Zirconia yields with nitrate of cobalt, when ignited, an iufusible 
black mass. To recognize zirconia in compounds we mast resort 
to fluid analysis. 

(e.) Tkorina (ThO). — ^This is the rarest among the rare 
minerals. In the pure state it is white and infusible, and will 
not melt with the carbonate of soda. Borax dissolves thorina 
slowly to a colorless, transparent bead, which will ^remain so 
when heated with the intermittent flame. If overcharged with 
the thorina, the bead presents, on cooling, a milky hue. Micro- 
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cosmic salt dissoives the thorina very tardily. By ignition 
with nitrate of cobalt, thorina is converted into an ii^osible 
black mass. 



CLASS II. 

FOURTH GBOUP.— CERIUM, LANTHANIUM, DIDYMIUM, COLUMBIUM, NIO- 
BIUM, PELOPIUM, TITANIUM, URANIUM, VANADIUM, CHROMIUM, 
MANGANESE. 

The substances of this group cannot be reduced to the 
metallic state, neither by heating them per se, nor by fusing 
them with reagents. They give by fusion with borax or micro- 
cosmic salt, colored beads, while the preceding groups give 
colorless beads. 

(a.) Cerium (Ce). — ^This metal occurs in the oxidated state 
in a few rare minerals, and is associated with lanthanium and 
didymiura, combined with fluorine, phosphoric acid, carbonic 
acid, silica, etc. When reduced artificially, it forms a grey 
metallic powder. 

{a.) Protoxide of Cerium (CeO).— It exists in the pure state 
as the hydrate, and is of a white color. It soon oxidizes and 
becomes yellow, when placed in contact with the air. When 
heated in the oxidation flame, it is conrerted into the sesqui- 
oxide, and then is changed into light brick-red color. In the 
oxidation flame it is dissolved by borax into a clear bead, which 
appears of an orange or red while hot, but becomes yellow 
upon cooling.- When highly saturated with the metal, or when 
heated with a fluctuating flame, the bead appears enamelled as 
when cold. In the reduction flame it is dissolved by borax to 
a clear yellow bead, which is colorless when cold. If too much 
of the metal exists in the bead, it then appears enamelled when 
cooled. 

Microcosmic salt dissolves it, in the oxidation flame, to a 
clear bead, which is colored dark yellow or orange, but loses 
its color when cold. In the reduction flame the bead is color- 
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less whea either hot or cold. Eyen if highly saturated with 
the metal, the bead remains colorless when cold. By fiiBiiig it 
with carbonate of soda upon charcoal in the reduction flame, 
the soda is absorbed bj the charcoal, while the protoxide of 
the metal remains as a light grej powder. 

(B,) Sesquioxide of Cerium (Ce'O'). — ^This oxide, in the 
pure state, is a red powder. When heated with hydrochloric 
acid, it produces chlorine gas, and is dissolved to a salt of the 
protoxide. It is not affected by either the flame of oxidation 
or of reduction; when fused with borax or microcosmic salt, it 
acts like the protoxide. It does not fuse with soda upon char- 
coal. In the reduction flame it is reduced to the protoxide, 
which remains of a light grey color, while the soda is absorbed 
by the charcoal. 

(b.) Lanthanium (La.) — This metal is invariably associated 
with cerium. It presents, in its metallic state, a dark grey 
powder, which by compression acquires the metallic lustre. 

The oTnde of lanthanium (LaO) is white, and its salts are 
colorless. Heated upon charcoal, it does not change either in 
the oxidation flame or that of reduction. With borax, in the 
flame of oxidation or reduction, it gives a clear colorless bead. 
This bead, if saturated, and when hot, presents a yellow appear- 
ance, bat is clouded or enamelled when cold. With microcos- 
mic salt the same appearance is indicated. It does not fuse 
with carbonate of soda, but the soda is absorbed by the char- 
coal, while the oxide remains of a grey color. 

(c.) Didymium (D). — This metal occurs only in combination 
with the preceding ones, and it is therefore, like them, a rare 
one. 

Oxide of Didymium (DO). — ^This oxide is of a brown color, 
while its salts present a reddish-violet or amethyst color. The 
oxide is infusible in the oxidation flame, and in that of reduc- 
tion it loses its brown color and changes to grey. With borax 
in the oxidation flame, it fuses to a clear dark red or violet 
bead, which retains its clearness when highly saturated with 
the oxide, or if heated with a fluctuating flame. 
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The reactions with microcosmic salt are the same as with 
borax. 

It does not melt with carbonate of soda upon charcoal, but 
the oxide remains with a grey color, while the soda is absorbed 
bj the charcoal. 

{d.) Columbiwn, {Tantalum^— Ts.), — ^This rare metal occurs 
quite sparingly in the minerals tarUaUie, ytirotantaUte, etc., as 
colnmbic acid. In the metallic state, it presents the appear- 
ance of a black powder, which, when compressed, exhibits the 
metallic lustre. When heated in the air it is oxidized into 
colnmbic acid, and is only soluble in hydrofluoric acid, yielding 
hydrogen. It is oxidized by fusion with carbonate of soda or 
potash. 

Cdumbic Aad (Ta*0') is a white powder, and is infusi- 
ble. When heated in the flame of oxidation or reduction, it 
appears of a light yellow while hot, but becomes colorless when 
cold. With borax, in the flames of oxidation and reduction, it 
fuses to a clear bead, which appears by a certain degree of 
saturation, of a yellow color so long as it continues hot, but 
becomes colorless when cold. If overcharged, or heated with 
an intermittent flame, it presents an enamel white when cool. 

It melts with microcosmic salt quite readOy in both of the 
flames, to a clear bead, which appears, if a considerable quan- 
tity of colnmbic acid be present, of a yellow color while hot, 
but colorless when cold, and does not become clouded if the 
intermittent flame be applied to it. 

With carbonate of soda it fuses with efferrescence to a bead 
which spreads over the charcoal. Melted with more soda, it 
becomes absorbed by the charcoal. 

It yields, moistened with a solution of nitrate of cobalt, and 
exposed to the oxidation flame after continued blowing, an infu- 
sible mass, presenting whOe hot a light grey color, but after 
being cooled that of a light red, similar to the color presented 
by magnesia under the same circumstances. But if there be 
some alkali mixed with it, a fusion at the edges will be mani- 
fest, and it will yield by cooling a bluish-black mass. 
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(6.) Niobium (Ni). — ^Thls metal occars as niobic acid ia 
colambite (tantalite). Niobic acid is in its properties similar to 
columbic acid. It is white and infusible. By heating it either 
iu the flames of reduction or oxidation, it presents as long as it 
continues hot, a greenish-yellow color, but becomes white when 
cool. Borax dissolves it in the oxidation flame quite readily to 
a clear bead, which, with a considerable quantity of niobic acid, 
is yellow when hot, but transparent and colorless when cold. 
A saturated bead is clear when either hot or cold, but becomes 
opaque when heated intermittingly. 

In the flame of reduction, borax is capable of dissolving more 
of the niobic acid, so that a bead overcharged and opaqne in 
the oxidation flame appears quite clear when heated in the 
flame of reduction. A bead overcharged in the flame of reduc- 
tion, appears by cooling dim and bluish-grey. 

Microcosmic salt di^olves in the flame of oxidation a great 
quantity of It to a dear bead, which is yellow while hot, but 
colorless when cold. 

In the flame of reduction, and in presence of a considerable 
quantity of niobic acid, the bead appears whUe hot of a light 
dirty blue color, and when cold, of a violet hue ; but by the 
ad<Ution of more niobic acid, the bead, when hot, is of a dirty 
dark blue color, and when cold, of a transparent blue. In the 
presence of the oxides of iron, the bead is, while hot, of a 
brownish-red color, but changing when cool to a dark yellow. 

This acid fuses with an equal quantity of carbonate of soda 
.upon charcoal, to a bead which spreads very quickly, and is 
then infusible. When fused with still more soda, it is absorbed. 

When moistened with nitrate of cobalt, and heated in the 
flame of oxidation, it yields an infusible mass which appears 
grey when hot, and dirty green when cold ; but if the heat has 
been too strong, it is fused a little at the edges, which present 
a dark blnish-grey color. 

Pdopium (Pe). — This metal occurs as an acid in the mineral 
columbite (tantalite), and is very similar to the two preceding 
metals. 



128 Thk Blowpipe. 

(/.) Fdopic Acid (PeO"). — ^This acid is white, and appears 
yellow when heated, bat resumes its white color when cold. 
Borax dissolves it in the oxidation flame to a clear colorless 
bead, which appears, when overcharged and heated intermit- 
tingly, emanel-white when cold. This is likewise the case in 
the flame of reduction, but when oTercharged the color is light 
grey, when the bead is cooled. 

Microcosmic salt dissolves it in iixe flame of oxidation, to a 
clear yellow bead, which loses its color when cold. In the 
redaction flame, when the bead is highly saturated, a violet- 
brown color is produced. In presence of the oxides of iron, the 
reactions are like those of niobic add. With carbonate of 
soda, the reactions are similar to those of niobic acid. .By 
heating with nitrate of cobalt, it yields a light grey infusible 
mass. 

(g,) TUamum (Ti). — ^This metal occurs occasionally in the 
slags of iron works, in the metallic state, as small cubical crys- 
tals of a red color. It is a very hard metal, and very infusible. 
Titanic acid occurs in nature crystallized in a/natase, arka^mte, 
brookitef and rutile. Titanium is harder than agate, entirely 
infusible, and loses only a little of its lustre, which can be 
regained by fusion with borax. It does not melt with carbon- 
ate of soda, borax, or microcosmic salt, and is insoluble in every 
acid except the hydrofluoric. By ignition with saltpetre it is 
converted into titanic acid, which combines with the potassium, 
forming the titanate of potassium. 

Titanic Add (TiO^) is whitje, insoluble, and, when heated, 
it appears yellow while hot, but resumes upon cooling its white 
color. 

Borax dissolves it in the oxidation flame to a clear yellow 
bead, which when cool is colorless. When overcharged, or 
heated with the intermitting flame, it is enamel-white after 
being cooled. In the redaction flame, the bead appears 
yellow, if the acid exists in small quantity, but if more be 
added, then it is of an orange, or dark yellow, or even brown. 
The saturated bead, when heated interniittingly, appears when 
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(»>ld of an enamelled blae. Bj addition of the acid, and bj 
heating the bead on charcoal in the reduction flame, it becomes 
dark yellow while hot, but dark bine, or black and opaque 
when cold. This bead appears, when heated intermittingly 
of a light bine, and when cold, enamelled. 

Microcosmic salt fuses with it in the oxidation flame to a 
clear colorless bead, which appears yellow only in the presence 
of a quantity of titanic acid, though by cooling it loses its 
color. In the reduction flame this bead exhibits a yellow color 
when hot, but is red while coding, and when cold of a beauti- 
ful bluish-yiolet. If the bead is overcharged, the color becomes 
so dark that the bead appears opaque, though not presenting 
im enamel appearance. By heating the bead again in the oxi- 
dation flame the color disappears. The addition of some tin 
promotes the reduction. If the titanic acid contains oxide 
of iron, or if some is added, the bead appears, when cold, 
brownish-yellow, or brownish-red. 

By fusion with carbonate of soda, titanic add is dissolred 
with effervescence to a clear dark yellow bead, which crystal- 
lizes by coding, whereby so much heat is eliminated, that the 
bead, at the instant of its crystallization, glows with great 
brightness. A reduction to a metal cannot, however, be 
effected. By ignition with a solution of nitrate of cobalt 
in the oxidation flame, it yields an infusible yellowish-green mass. 

(A.) Urwni'vm (U). — This rare metal occurs in the form of 
protoxide along with other oxides, in the mineral fitchrhUnde; 
as peroxide in wamtt and uran-mca, associated with phos- 
phoric acid and lime. 

In the metallic state it presents the appearance fA a dark 
grey mass, which is infusible, and remains unchanged when 
ander water, or when exposed to dry air, but, when heated in 
the oxidation flame, it becomes oxidized, with lively sparkling, 
to a dark green mass, composed of the protoxide and peroxide. 

The protoxide of uramwn (UO) is black, uncrystalline, or 
forms a brown powder. When exposed to heat it is converted 
partially into peroxide, when it has a dark green color. 

6* 
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The peroTctde of uratdum (U'O') is of an orange color, 
while its hydrate is of a fine yellow color, and in the form of a 
powder. The salts are yellow. 

By heating it in the oxidation flame, it acquires a dark green 
color, and is partly .reduced to protoxide. In the reduction 
flame it presents a black appearance, and is there completely 
reduced to protoxide. 

Borax dissolves it in the oxidation flame to a clear dark yel 
low bead, which is colorless when cold, if the metal is not pre- 
sent in great quantity. If more of the metal, or peroxide, be 
added, the bead changes to orange when hot, and light yel- 
low when cold. When heated with the intermittent flame, 
it requires a large quantity of the peroxide to produce an 
enamel appearance in the cooled bead. 

In the flame of reduction the bead becomes of a dirty green 
col<N-, being partly reduced to protoxide, and appears, with a 
certain degree of saturation, black, when heated intermittingly, 
but never enamelled. The bead appears on charcoal, and with 
the addition of tin, of a dark green color. 

It fuses with microcosmic salt in the oxidation flame to a 
clear yellow bead, which is greenish-yellow when cold. In the 
reduction flame it produces a beautiful green bead, which 
increases when cold. 

When fused upon charcoal with the addition of tin, its color 
is darker. Carbonate of soda does not dissolve it, although 
with a very small portion of soda it gives indications of fusion, 
but with still more of the soda it forms a yellow, or light^brown 
mass, which is absorbed by the charcoal,^but it is not reduced 
to the metallic state. 

(i.) Vanadium (V). — ^This very rare mineral is found in 
small quantity in iron-ores, in Sweden, and as vanadic acid in 
a few rare minerals. The metal presents the appearance of an 
iron-grey powder, and sometimes that of a silver-white mass. 
It is not oxidized either by air or water, and is infusible. 

Vanadic Add (VO*) fuses upon platinum foO to a deep 
orange liquid, which becomes crystalline after cooling. When 
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fased upon charcoal, one part of it is absorbed, while the rest 
remains npon the charcoal and is reduced to protoxide siinilar 
in appearance to graphite. 

A small portion of it fuses with borax in the oxidation flame 
to a clear colorless bead, which appears, with the addition of 
more Tanadic acid, of a yellow color, but changes to green 
when cold. 

In the reduction flame the' bead is brown while hot, bat 
changes, npon cooling, to a beantifnl sapphire-green. At 
the moment of crystallization, and at a degree of heat by 
which at daylight no glowing of the heated mass is visible 
it begins to glow again. The glow spreads from the periphery 
to the centre of the mass, and is caused by the heat liberated 
by the sadden crystallization of the mass. It now exhibits an 
orange color, and is composed of needle crystals in a compact 
mass. 

Microcosmic sidt and vanadic acid fuse in the oxidation 
flame to a dark yellow bead which, npon cooling, loses much 
of its color. 

In the reduction flame the bead is brown while hot, but, 
apon cooling, acquires a beautiful green color. 

Vanadic acid fuses with carbonate of soda upon charcoal, 
and is absorbed. 

{k) Chromium (Gr) occurs in the metallic state only in 
a very small quantity in meteoric iron, but is frequently found 
in union with oxygen, as oxide in chrome iron ore, and as 
chr(»nic acid in some lead ores. 

In the metallic state it is of a light grey color, with but 
little metallic lustre, very hard, and not very fusible. Acids 
do not act upon it, except the hydrofluoric; fused with nitrci 
it forms chromate of potassa. It is unaltered in the blowpipe 
flame. 

Sesquioxide of Chromiim (Or^O*). — ^This oxide forms black 
crystals of great hardness, and is sometimes seen as a green 
powder. Its hydrate (Cr»0' + 6H0) is of a bluish-grey 
color. It forms with acids two classes of isomeric salts, some 
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of which are of a green color, and the others violet-red or ame- 
thyst. The nentral and soluble salts have an acid reaction 
upon blue litmus paper, and are decomposed by ignition. 

Sesqnioxide of chromium in the oxidation and reduction 
flames is unchangable. When exposed to heat, the hydrate 
loses its water, and gives a peculiarly beautiful flame. In the 
oxidation flame borax dissolves the sesquioxide of chromium 
slowly to a yellow bead (chromic acid) which is yellowish green 
when cold. Upon the addition of more of the oxide, the bead is 
dark red while hot, but changes to green as it becoms cold. 

In the reduction flame the bead is of a beautiful green color, 
both while hot and when cold. It is here distinguished from 
vanadic acid, which gives a brownish or yellow bead while hot. 

With microcosmlc salt it fuses in the oxidation flame to a 
clear yellow bead, which appears, as it cools, of a dirty-green 
color, but upon being cool is of a fine green color. If there be 
a superabundance of the oxide, so that the microcosmic salt 
cannot dissolve it, the bead swells up, and is c<mverted into a 
foamy mass, in consequence of the development of gases. 

In the reduction flame it fuses to a fine green bead. The 
addition of a little tin renders the green still deeper. 

Sesquioxide of chromium fuses with carbonate of soda upon 
platinum foil to a brown or yellow bead, which, upon cooling, 
appears of a lighter color and transparent (chromate of 
sodium). 

When fused with soda upon charcoal, the soda is absorbed, 
and the green oxide is left upon it, but is never reduced to the 
metallic state. 

Chromic Add (CrO*) crystallizes in the form of deep ruby 
red needles. It is decomposed into sesquioxide and oxygen 
when heated. This decomposition is attended with a very 
lively emission of light, but this is not the case if the chromic 
acid has been attained by the cooperation of an aqueous solu- 
tion, unless the reduction is effected in the vapor of ammonia. 
Before the blowpipe chromic acid produces the same reactions 
as the sesquioxide. 
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(/.) Mdngafust (Mn). — ^This metal occnrs in considerable 
abnndance, principally as oxides, less frequently as salts, and 
Bometimes in combination with sulphur and arsenic. It is found 
in plants, and passes with them into the animal body. In the 
metallic state, it is found frequently in cast iron and steel. It 
is a hard, brittle metal, fusible with difficulty, and of a light 
trrey color. It tarnishes upon exposure to the air and under 
water, and falls into a powder. 

Protoxide ofMangwnitst exists as a green powder ; as hydrate 
separated by caustic alkalies, it is white, but oxidizes yery 
speedily upon exposure to the air. The protoxide is the base 
of the salts of manganese. These salts, which are soluble in 
water, are decomposed when heated in the presence of the air — 
except the sulphate (MnO, SO*), but if the latter is ex- 
posed to ignition for awhile, it then ceases to be soluble in 
water, or at least only sparingly so. 

Sesquioxide of Manganese (Mn*0*) Occurs very spar- 
ingly in nature as small black crystals {Brawnite) which gire, 
when ground, a brown powder. When prepared by chemical 
process, it is in the form of a black powder. The hydrate 
occurs sometimes in nature as black crystals {manganite). By 
digestion with acids, it is dissolred into salts of the protoxide. 
With hydrochloric acid, it yields chlorine. 

The prot'sesquioxide of manganese (MnO + Mn*0*) occurs 
sometimes in black crystals {hausmannite) , Prepared artifi- 
cially, it is in the form of a brown powder. 

Peroxide of Manganese (MnO*) occurs in considerable 
abundance as a soft black amorphous mass, or crystallized as 
pyrolnsite, also reniform and fibrous. It is deprived of a part 
of its oxygen when exposed to ignition. It eliminates a consi- 
derable quantity of chlorine i^om hydrochloric acid, and is 
thereby converted into chloride of manganese (ClMn). 

Most of the manganese compounds which occur in nature 
yield water when heated in a glass tube closed at one 
end. The sesquioxide and peroxide give out oxygen when 
strongly heated, which can be readily detected by the 
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increased glow which it causes, if a piece of lighted wood or 
paper is brought to the month of the tube. The residue left in 
the tube is a brown mass (MnO+Mn*0'). 

When exposed to ignition with free access of air, all man- 
ganese oxides are conyerted into (MnO+Mn'O'), bat with- 
oat fusion. Such, at least, is the statement of some of the 
German chemists, although it will admit perhaps of further 
inTestigation. 

Manganese oxides fuse with borax in the oxidation flame to 
a clear and intensely colored bead, of a violet hue while hot, 
but changing to red as it cools. If a considerable quantity of 
the oxide is added, the bead acquires a color so dark as to 
become opaque. If such be the case, we have to press it flat, 
by which its proper color will become manifest. 

In the reduction flame the bead is colorless. A very dark 
colored bead must be fiised upon charcoal with the addition of 
some tin. The bead must be cooled very suddenly, for if it 
cools too slowly, it then has time to oxidize again. This may 
be effected by pushing it off the platinum wire, or the charcoal, 
ahd pressing it flat with the forceps. 

The oxides of manganese fuse with microcosmic salt in the 
oxidation flame, to a clear brownish-violet bead, which Appears 
reddish-violet while cooling. ^ This bead does not become 
opaque when overcharged with manganese. As long as it 
is kept in fusion a continued boiling or effervescence takes 
place, produced by the expulsion of oxygen, in consequence of 
the fact that the microcosmic salt cannot dissolve much sesqui* 
oxide, while the rest is reduced to protoxide, is re-oxidated, and 
instantly again reduced. If the manganese is present in such a 
minute quantity as not to perceptibly tinge the bead, the color 
may be made to appear by the contact of a crystal of nitre 
while hot. The bead foams up upon the addition of the nitre, 
and the foam appears, after cooling, of a rose-red or violet 
color. In the redaction flame the bead sometimes becomes 
colorless. 

The oxides of manganese fuse with carbonate of soda upon 
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platinam foil or wire, to a clear green bead, which appears 
bloish-green and partially opaque when cold (manganate of 
soda NaO+MnO'). A rerj minate trace of manganese 
will produce this green color. The oxides of manganese can- 
not be reduced upon charcoal with carbonate of soda before 
the blowpipe. The soda is absorbed, and (MnO+Mn'O*) 
is left. 

GROUP FIFTH.— 'IRON, COBALT, NICKEL. 

The oxides of this group are reduced to the metallic state 
when fused with carbonate of soda upon charcoal in the reduc- 
tion flame. Metals when thus reduced form powders, are not 
fusible or Yolatlle in the blowpipe flame, but they are attracted 
by the magnet. 

Furthermore, these oxides are not dissolved by carbon- 
ate of soda in the oxidation flame, but they produce colored 
beads with borax and microcosmic salt. 

(a.) Iron. — It occurs in great abundance in nature. It is 
found in several places in America in the metallic state, and it 
likewise occurs in the same state in meteors. It occurs chiefly 
as the oxide (red hematite, brown hematite, magnetic oxide, 
etc.), and frequently in combinq^ion with sulphur. Iron also 
forms a constituent of the blood. 

Metallic iron is of a grey color, and presents the metallic 
lustre Tividly when polished. It is very ductile, malleable, and 
tenacious. It is very hard at common temperatures, but soft 
and yielding at a red heat. 

In dry and cold air, iron does not oxidize, but when the air 
is dry and moist, it oxidizes rapidly. This likewise takes place 
with great rapidity when the metal is heated to redness. 
When submitted to a white heat iron burns with brilliant 
scintillations. 

Protoxide of Iron (FeO). — ^This oxide does not occur pure 
in nature, but in union with the peroxide of iron and other 
substances. It presents the form of a black powder, and has 
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some metaltie lustre, is brittle, and fuses at a high tempera- 
ture to a vitreous looking mass. It is attracted by the magnet, 
and of course is susceptible of becoming mimetic itself. It 
forms with water a hydrate, bnt this passes so rapidly into a 
state of higher oxidation, that it is difficult to keep it in the 
pure state. 

MagTUilic Oxide of Iron (PeO+Fe'O*). — ^This peculiar 
oxido is of a dark color, and is magnetic, so that tacks or 
small nails adhere to it when brought in contact with it. It is 
the yariety of the oxide termed " loadstone." It is found fre- 
quently crystallized in octahedrons in Scandinaria and other 
places. Magnetic oxide of iron is produced when red-hot iron 
is hammered. 

Sesquioxide of Iron (Fe*0'). — ^This oxide is found natiTe in 
great abundance as red hematite and specular iron, crystallized 
in the rhombic form. In the crystalline state it is of a blackish- 
grey color, and possessed of the metallic lustre. When pow- 
dered, it forms a brownish-red mass. When artificially prepared, 
it presents the appearance of a blood-red powder. It is not 
magnetic, and has less affinity for acids than the protoxide. 
Its hydrate is found native as brown hematite. 

By exposing the peroxide of iron to the oxidation flame, it is 
not acted upon, but in the i^gduction flame it becomes reduced 
to the magnetic oxide. 

The oxides of iron are dissolved by borax in the oxidation 
flame to a clear dark-yellow or dark-red bead, which appears 
lighter while cooling, and yellowish when cold. In the presence 
of a very small quantity of iron, the bead appears colorless 
when cold. If the iron is increased, the bead is opaque while 
cooling, and of a dirty dark-yellow color when cold. In the 
reduction flame, and fused upon platinum wire, the bead 
appears dark green (FeO+Fe*0'). By the addition of 
some tin, and fused upon charcoal, the bead appears bluish- 
green, or not unlike that of sulphate of iron. 

Microcosmic salt dissolves the oxides of iron in the oxidation 
flame to a clear bead, which, by the addition of a considerable 
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quantity of iron, becomes of an orange color while hot, but 
gets lighter while cooling, presenting finally a greenish hne, 
and gradually becoming lighter, till, when cold, it is colorless. 
If the iron is increased, the hot bead presents a dark red color, 
but while cooling a brownish-red, which changes to a dirty- 
green, and, when cold, to a brownish-red color. The decrease 
of the color during the transition from the hot to the cold state 
is still greater in the bead formed by the microcosmic salt. 

In the reduction flame no change is risible if the quantity of 
iron be small. By the addition of more iron, the hot bead 
appears red, and while cooling, changes to yellow, then green, 
and, when cold, is of a dull red. By fusing the bead on char- 
coal with a small addition of tin, it exhibits, while cooling, a 
bluish-green color, but, when cold, is colorless. 

The oxides of iron are not dissolved in the oxidation flame 
by fusion with carbonate of soda. By ignition with soda upon 
charcoal in the reduction flame, they are absorbed and reduced 
to the metallic state. Cut out this portion of the charcoal ; 
grind it with the addition of some water in an agate mortar, 
for the purpose of washing off the carbon particles, when the 
iron will remain as a grey magnetic powder. 

(5.) CobaU (Co) occurs in combination with arsenic and 
sulphur, and associated with nickel and iron. It is found occa- 
sionally in combination with selenium, and there are a traces of 
it in meteoric iron. In the metallic state it is of a light, red- 
dish-grey color, rather brittle, and only fusible at a strong 
white heat; at common temperatures it is unalterable by air or 
water. At a red heat, it oxidizes slowly and decomposes water; 
at a white heat it burns with a red flame. Cobalt is soluble 
in dUute sulphuric or hydrochloric acid by the aid of heat, 
whereby hydrogen is eliminated. These solutions have a fine 
red color. 

Protoxide of CobaU (CoO). — It is an olive-green powder, 
but, by exposure to the air, it becomes gradually brown. Its 
hydrate is a rich red powder. The solution of its salts is red, 
but the aqueous solution is often blue. 
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When heated in the oxidation flame, the protoxide is con- 
verted into the black proto-sesquioxide (CoO + Co'O*). In the 
reduction flame it shrinks and is reduced without fusion to the 
metallic state. It is now attracted by the magnet and acquires 
lustre by compression. 

Borax dissolyes it in the oxidation flame, and produces a 
clear, intensely colored blue bc^ad, which remains transparent 
and of the same beautiful blue when cold. This blue is like- 
wise manifest even if the bead be heated intermittingly. If 
the cobalt exists in considerable quantity, the color of the bead 
is so intense as to appear almost black. 

This reaction of cobalt is so characteristic and sensitive that 
it can detect a minute trace. 

With microcosmic salt the same reaction is exhiMted, but 
not so sensitive, nor is the bead so intensely colored when cold 
as that with borax. 

By fusion with carbonate of soda upon a platinum wire, with 
a very small portion of cobalt, a bright red colored mass is 
produced which appears grey, or slightly green when cold. 
By fusion upon platinum foil the fused portion floats down from 
the sides, and the foil is coated around the undissolved part, 
with a thin, dark-red sublimate. When fused upon charcoal, 
and in the reduction flame, \t is reduced with soda to a grey 
powder, which is attracted by the magnet, and exhibits the 
metallic lustre by compression. 

Sesquioxide of CohaU (Co"0*). — It is a dark brown powder. 
Its hydrate (2H0-f Oo^'O*) is a brown powder. It is soluble 
only in acetic acid as the acetate of the sesquioxide. All other 
acids dissolve its salts to protoxide, the hydrochloric acid pro- 
ducing chloric gas. By ignition in the oxidation flame, it is 
converted into the proto-sesquioxide (CoO + Co'O*) and pro- 
duces with reagents before the blowpipe the same reactions as 
the protoxide. 

(c.) Nickel (Ni). — This metal occurs invariably associated 
with cobalt, and in analogous combinations, chiefly as the arse- 
nical nickel. In the metallic state it is greyish, silver-white, 
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has a high lastre, is hard, and maHeable both cold and hot. 
At common temperatares, it is nnalterable either in dry or moist 
air. When ignited, it tarnishes. It is easily dissolved by nitric 
acid, bat rery slowly by dilate snlphoric or hydrochloric acid, 
producing hydrogen. 

Protoxide of Nidcd (NiO). — ^It is in the form of small grey- 
ish-black octahedrons, or a dark, greenish-grey powder. Its 
hydrate is a green powder. Both are analterable in the air, 
and are solnble in nitric, salpharic, and hydrochloric acids, to 
a green liquid. The protoxide is the base of the salts of nickel, 
which in the anhydrous state are yellow, and when hydrated are 
green. The soluble neutral salts change blue litmus paper to 
red. By ignition in the oxidation flame, protoxide of nickel is 
unaltered. In the reduction flame and upon charcoal, it 
becomes reduced, and forms a grey adherent powder, which is 
infusible, and presents the metallic lustre by compression, and 
is magnetic. Borax dissolves it in the oxidation flame very 
readily to a clear bead, of a reddish-violet or dark yellow color, 
but yellow or light red when cold. If there is but a small 
quantity of the oxide present, it is colorless. If more of 
the oxide be present, the bead is opaque and dark brown, and 
appears, while cooling, transparent and dark red. By the addi- 
tion of a salt of potassa (the nitrate or carbonate) a blue or a 
dark purple colored bead is produced. The borax bead, in the 
reduction flame, is-grey, turbid, or completely opaque from the 
reduced metallic particles. After a continued blast, the bead 
becomes colorless, although the particles are not fused. If the 
nickel contains cobalt, it will now be visible with its peculiar 
bhie color. Upon charcoal, and by the addition of some tin, 
the reduction of the oxide of nickel is easily effected, while the 
reduced nickel fuses with the tin. 

The oxide of nickel is dissolved by microcosmic salt in the 
oxidation flame to a clear bead, which appears reddish while 
hot, but yellow and sometimes colorless when cooling. If a 
considerable quantity of nickel be present the heated bead is 
of a brown color, but orange when cooled. In the reduction 
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flame, and apon platinum wire, the color of the bead is orange 
when cold; bat upon charcoal, and with the addition of a little 
tin, the bead appears grey and opaque. After being submitted 
to the blowpipe flame all the nickel is reduced, and the bead 
becomes colorless. 

Carbonate of soda does not affect it in the oxidation flame, 
but in the redaction flame and upon charcoal, it is absorbed 
and reduced, and remains, after washing off the carbon, as a 
white metallic powder, which is infusible, and has a greater 
attraction for the magnet than iron. 

Sesquiozide of Nkkd (Ni'O*). — It is in the form of a black 
powder, and does not combine with other substances, unless it 
18 reduced to the protoxide. It exhibits before the blowpipe 
the same behavior as the protoxide. 

GROUP SIXTH. — ZINC, CADMIUM, ANTIMONY, TELLURIUM. 

The substances of this group can be reduced upon charcoal 
by fusion with carbonate of soda, but the reduced metals are 
volatilized, and cover the charcoal with sublimates. 

{a.) Zinc (Zn). — This metal is found in considerable abun- 
dance, but never occurs in the pure metallic state, but in com- 
bination with other substances, chiefly as sulphide in zinc 
blende, as carbonate in calamine, and as the silicate in the 
kieselzinc ore; also, with sulphuric acid, the "vitriol of zinc." 

Zinc is of a bluish-white coIot and ihetallic lustre, is crys- 
talline and brittle when heated 400'^F., but malleable and duc- 
tile between 200° and 800°. It will not oxidize in dry air, but 
tarnishes if exposed to air containing moisture, first becomes 
grey, and then passes into the white carbonate. It decom- 
poses in water at a glowing heat. It is dissolved by diluted 
acids, while hydrogen is eliminated. It melts at about 175**, 
and distills when exposed to a white heat in a close vessel. 
When heated over 1000° in the open air, it takes fire, and 
burns with a bluish-white light, and with a thick white smoke 
of oxide of zinc. 
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Chade of Zwc (ZnO). — ^In the pure state, oxide of ziuc is a 
white powder, infusible, and not Tolatile. It is readily soluble 
in acids After being heated strongly. Its soluble neutral salts, 
when dissolyed in water, change blue litoms paper to red. Its 
salts, with organic acids, are decomposed by ignition, and the 
carbonate of zinc remains. 

The oxide of zinc turns yellow by being ignited in the oxida- 
tion flame, but it is only visible by daylight; this color changes 
to white when cold. It does not melt, but produces a strong 
light, and it is not volatile. 

It disappears gradually in the flame of reduction, while a 
white smoke sublimates upon the charcoal. This sublimate is 
yellow while hot, but changes to white when cold. The cause 
of this is, that the oxide is reduced, is volatilized, and re-oxi- 
dized, by going through the external flame in the form of a 
metallic vapor. 

Borax dissolves oxide of zinc in the flame of oxidation easily 
to a clear bead, which is yellow while hot, and colorless when 
cold. The bead becomes, by the addition of more oxide, enaufc- 
elied, while cooling. If the bead is heated with the intermit- 
tent flame, it is milk-white when cold. When heated in the 
flame of reduction upon platinum wire, the bead at first 
appears opaque, and of a greyish color, but becomes clear 
again after a continued blast. 

When heated upon charcoal in the reduction flame, it is 
reduced to a metal; but, at the same moment, is volatilized, 
and sublimes as oxide of zinc upon the charcoal, about one 
line's distance from the assay. This is likewise the case with 
the microcosmic salt, except that it is more easily volatilized in 
the reduction flame. 

Carbonate of soda does not dissolve the oxide of zinc in the 
flame of oxidaticm. In the reduction flame and upon charcoal, 
the oxide of zinc is reduced to the metallic state, and is volatil- 
ized with a white vapor of the zinc oxide, which sublimes on 
the charcoal and exhibits a yellow color while hot, and which 
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changes to white when cold. By a strong heat the reduced 
dnc burns with a white flame. 

Moistened with a solntioD of cobalt oxide, and heated 
strongly in the flame of oxidation, zinc oxide, becomes of a 
yellowish-green color while hot, and changes to a beautiful 
green color when cold. 

(b.) Cadmium (Cd). — ^This is one of the rare metals. It 
occurs in combination with sulphur in grwnoddU, and in some 
ores of zinc. It was detected first in the year 1818, and pre- 
sents itself as a tin-white metal of great lustre, and susceptible 
of a fine polish. It has a fibrous structiffe, crystallizes easily 
in regular octahedrons, presenting often the peculiar arbores- 
cent appearance of the fern. It is sc^, but harder and more 
tenacious than tin; it can be bent, filed, and easily cut: it 
imparts to paper a color like that of lead. It is very malleable 
and ductile, and can be hammered into thin leaves. It is easily 
fosed) and melts before it glows (450^). At a temperature not 
much over the bmling point of mercury, it begins to boil, and 
distills, the vapor of the metal possessing no peculiar odor. It 
is unalterable in the air fcnr a iong time, but at length it tar- 
nishes and presents a greyish-white, half metallic color. This 
metal easily takes fire when heated in the lur, and bums with 
a brownish-yellow vapor, while it deposits a yellow sublimate 
upon surrounding bodies. It is easily sduble in aeids with the 
escape of hydrogen, the solutions bdng colorless. Its salts, 
soluble in water, are decomposed by ignition in free air. Its 
soluble neutral salts change blue litmus paper to red. The 
salts, insoluble in water, are readily dissolved in acids. 

Oxidt of Cadmium (OdO). — ^This oxide is of a dark orange 
color. It does not melt, and is not volatile, not even at a very 
high temperature. Its hydrate is white, loses m the heat its 
hydratic water, and absorbs carbonic acid from the air when it 
is kept in open vessels. 

Gadmiam oxide is unaltered when exposed upon platinum 
wire in the flame of oxidation. When heated upon charcoal in 
the flame of reduction it disappears in a very short time, while 



Special Ksactionb. 148 

the charcoal is coated with a dark orange or jeliow powder, 
the color of which is more visible after it is cooled. The por- 
tioBS of this sablimate farthest from the assay present a 
visible iridescent appearance. This reaction of cadmiam is so 
characteristic and sensitive that minerals (for instance, cala- 
mine, carbonate of zinc) which contains from one to five 
per cent, of carbonate of cadminm, will give a dark yellowish 
rii^ oi cadminm oxide, a little distance from the assay, after 
being exposed for a few moments to the flame of redaction. 
This sablimate is more visible when cold, and is prodaced some 
time previous to the redaction of the zinc oxide. If a vapor of 
the latter shoold appear, it indicates that it has been exposed 
too great a length of time to the flame. 

Borax dissolves a considerable quantity of cadmiam oxide 
apon a platinum wire to a clear yellow bead, which, when cold, 
is almost colorless. If the bead is nearly saturated with the 
cadmiam oxide, it appears milk-white when intermittingly 
heated. If the bead is completely saturated, it retains its 
opalescent appearance. Upon charcoal, and in the flame of 
redaction, the bead intumesces, the cadmiam oxide becomes 
reduced to metal ; this becomes volatilized and re-oxidized, and 
sublimes upon the charcoal as the yellow cadmium oxide. 

In the oxidation flame, microcosmic salt dissolves a large 
quantity of it to a clear bead, which, when highly saturated and 
whOe hot, is yellowish colored, but colorless when cold. By 
complete saturation, the bead is enamel-white when cold. 

Upon charcoal, in the flame of reduction, the bead is slowly 
and only partially reduced, a scanty sublimate being produced 
on the charcoal. The addition of tin promotes the reduction.^ 

Carbonate of soda does not dissolve cadmium oxide in the 
oxidation flame. In the reduction flame, upon charcoal, it is 
reduced to metal, and is volatilized to a red-brown or dark, 
red sublimate of cadmium oxide upon the charcoal, at a little 
distance from the assay the charcoal presenting the character- 
istic iridescent appearance. This reaction is still more sensitive 
if the cadmium oxide is heated per se in the reduction flame. 
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Antimcny (Sb). — ^This metal is found in almost every cooor 
trj. It principally occurs as the tersulphide (SbS'), either 
pure or combined with other sulphides, particularly with basic 
sulphides. Sometimes it occurs as the pure metal, and rarer in 
a state of oxidation as an antimomoua acid and as the oxysuh 
phide. 

In the pure state, antimony has a silyer-white color, with 
much lustre, and presents a crystalline structure. The commer- 
cial and impure metal is of a tin-whito color, and may fre- 
quently be split in parallel strata. It is brittle and easily 
pulverized. It melts at a low red heat (810°), is Tolati- 
lized at a white heat, and can be distilled. At common tem- 
peratures it is not affected by the air. At a glowing heat it 
takes fire, and bums with a white flame, aiid with white fumes, 
forming Tolatile antimonious acid. Gommoo acids oxidize 
antimony, but dissolve it slightly. It k sduble in aqua regia 
(nitro-hydrochloric acid). 

Sesquiozide of Antimony (Sb'O'). — ^In the pure state this 
oxide is a white powder, is fusible at a dull red heat to a 
yellow liquid, which, after cooling, is greyish-white and crys- 
talline. If it is heated excluded from the air, it can be 
volatilized completely; it sublimes in bright crystals having the 
form of needles. It occurs sometimes in nature as white and 
very bright crystals. It takes fire when heated in the open 
air, and burns with a white vapor to antimoBious acid. It 
fuses with the ter-sulphide of antimony to a red bead. It is 
distinguished from the other oxides of antunony by the readi- 
ness with which it is reduced to the metallic state upon char- 
coal, and by its easy fusibility and volatility. 

The sesquioxide is the base of some salts — ^for instance, 
the tartar emetic. It is not soluble in nitric add, but is 
soluble in hydrochloric acid. This solution becomes milky by 
the addition of water. A part of the salts of the sesquioxide 
of antimony are decomposed by ignition. The haloid salts are 
easily volatilized, without decomposition* Its soluble neutral 
salts change blue litmus paper to red, and are converted, by 
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admixture of water, into iosolable basic and soluble acid 
salts. 

Antimonions acid (antimoniate of sesqnioxide of antimony, 
Sb'O'+Sb'O') is of a white color, bat, when heated, of a light 
yellow color, but changes to white again when cold. It is 
iofasible and unaltered by heat. It forms a white hydrate, 
and both are insoluble in water and nitric aeid. It is partly 
soluble in hydrochloric acid, with the application of heat. The 
addition of water causes a precipitate in this solution. 

AfUimonic Add (Sb'O^). — In the pure state this acid is a 
light yellow-colored powder. Its hydrate is white, and is 
iusoluble in water and nitric acid. It is sparingly soluble 
in hot concentrated hydrochloric acid. It forms salts with 
every base, some ai which are insoluble, and others sparingly 
so. Notwithstanding that antimonic acid is insoluble in water, 
it expels the carbonic acid from the solutions of the carbonates 
of the alkalies. Antimonic aeid and its hydrate changes rndst- 
tened blue litmus paper to red. 



Behamar pf Antimony and its Oxides before the BUnopipe. 

MgtaUic Antimony fuses easily upon charcoal. When heated 
to glowing, and then removed from the flame, it continues to 
glow for awhile, and produces a thick white smoke. The 
vapor crystallizes gradually, and coats the assay with small 
crystals which iridesce like mother of pearl (sesquioxide of 
antimony). It is not volatile at the temperature of melted 
glass. Ignited in an open glass tube, it burns slowly with a 
white vapor, which condenses upon the cool part of the tube, and 
exhibits some indications of erystallissation. This vapor consists 
of the sesquioxide, and can be driven by heat from one place 
to another, without leaving a residue. If the metallic antimony 
contains sulphide of antimony, there/ is a corresponding por- 
tion ci antimonious acid produced, which remains as a white 
sablimate after the sesquioxide is removed. 

1 
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Suqvditxidt of antimony melts easily, and snblimes as a wMte 
vapor. It may be prepared by precipitating and drying. 
Wlien heated, it takes fire previous to melting, glows like 
tinder, and is converted into antimonions acid, which is now 
infusible. When heated upon charcoal in the flame of redac- 
tion, it is reduced to the metallic state, and partly volatilized. 
A white vapor sublimates upon the charcoal, while the external 
flame exhibits a greenish-blue color. Antimonions acid is infu- 
sible, produces a strong light, and is diminished in volume 
when heated in the external flame, daring which time a dense 
white vapor sublimes upon the charcoal. It is not, however, 
in this manner reduced to the metallic state like the sesqul- 
oxide. 

AfUimonic add, when first heated, becomes white, and is 
converted into antimonions acid. Hydrated antimonic add, 
which is originally white, appears at first yellow while giving 
off water, and then becomes white again, while oxygen is 
expelled, and it is converted into antimonions acid. 

The oxides of antimony produce, with blowpipe reagents, the 
following reactions : borax dissolves oxides of antimony in the 
oxidation flame in considerable quantity to a clear bead, which 
is yellow while hot, but colorless when cold. If the bead is 
saturated, a part of the oxide is volatilized as a white vapor. 
Upon charcoal, in the oxidation flame, it is completely voli^ 
tilized, and the charcoal is covered with a white sublimate. 
Heated upon charcoal in the reducing flame, the bead is of a 
greyish color, and partially, if not wholly qpaque, from the pre- 
sence of reduced metallic particles. A continued heat will 
volatilize them, and the bead becomes clear. The addition of 
tin i^omotes the reduction. 

Microcosmic salt dissolves the compounds of antimony in the 
flame of oxidation with intumescence, to a clear light-yellow 
colored bead, which when cold is colorless.* Heated upon 
charcoal in the reduction flame, the bead is first turbid, bat 
soon becomes transparent. The addition of tin renders the 
J»ead greyish while cooling, but a continued blast renders it 



Special Reactions. 147 

transparent. Soda dissolyes the componnds of antimony apon 
platinum wire in the oxidation flame, to a clear colorless bead, 
which is white when cold. 

Upon charcoal, both in the oxidation and reduction flames, 
the antimony componnds are readily reduced to the metal, 
which is immediately Tolatilized, and produces a white incrust- 
ation of oxide of antimony upon the charcoal. If the anti- 
mony compounds are heated upon charcoal in the flame of 
reduction, with a mixture of carbonate of soda and cyanide 
of potassium (KCy), there are produced small globules of 
metallic antimony. At the same time, a part of the reduced 
metal is volatilized (this continues after the assay if removed 
from the flame) and re-oxidized. A white incrustation ap- 
pears upon the charcoal, and the metallic globules are 
covered with small white crystals. If this white sublimate 
upon the charcoal is moistened with a solution of cobalt- 
oxide, and exposed to the reduction flame, a part of it is 
volatilized, while the other part passes into higher oxidation, 
and remains, after cooling, of a dirty dark-green color. 

{d,) Tellurium (Te). — This is one of the rare metals. It 
occurs very seldom in the metallic state, but often with bis- 
muth, lead, silver, and gold. Tellurium, in the pure state, is 
sOver-white, very bright, of a foliated or lamellar structure, 
brittle, and easily triturated. It is inclined to crystallize. It is 
soluble in concentrated sulphuric acid without oxidation. The 
solution is of a fine purple color, and gives a precipitate with 
the addition of water. 

TeUwrium in the Metallic form, — By the aid of heat it is 
Oxidized in sulphuric acid, a portion of the oxygen of the acid 
oxidizing the metal, while sulphurous acid gas escapes. This 
solution is colorless,- and is tellurous acid, dissolved in sul- 
phuric acid. It melts at a low red heat, and volatilizes at a 
higher temperature. If tellurium is heated with free access of 
air, it takes fire, and burns with a blue color, the flame being 
greenish at the edges, while a thick white vapor escapes, which 
bus a feeble acidulous odor. 
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TeOureus Add (TeO*) is of a fine, grannloits, crystaUine or 
white earthy nufis, which is partly soluble in water. The 
solatioa has a strong metaUic taste, and an acid reaction npon 
litmns paper. Heated in a tube closed at one end until it 
begins to glow, it fases to a yellow liqoid which is colorless, 
crystalline, and opaqne when cold. Beads of it remain nsnally 
transparent like glass. Heated upon platinum wire in the 
flame of oxidation, it melts, and is volatilized as a white vapcn:. 
When heated npon charcoal in the oxidation flame, it melts, 
and is reduced to the metallic state, but volatilizes and a sub- 
limate of white tellnrous add is formed upon the charcoal. 
The edge of this deposit is usually red or dark-yellow. 

Heated upon charcoal in the flame of reduction, it is rapidly 
reduced, the external flame exhibitiog a bluish-green color. 

Borax dissolyes it in the oxidation flame upon platinum wire 
to a clear colorless bead which turns grey when heated upon 
charcoal, through the pres^ice of reduced metallic particles. 
Upon charcoal, in the reduction flame, the bead is grey, caused 
by the reduced metal. After a continued blast, tellurium is 
completely volatilized, and the bead appears clear again, while 
a white sublunate is deposited upon the charcoal. 

With microoosmic salt, the same reactions are produced. 

With carbonate of soda, tellurons acid fuses upon platinum 
wire to a clear colorless bead, which is white when cold. 
Upon charcoal it is reduced, and forms tdlwr-sodium, which is 
absorbed by the charcoal, and metallic tellurium, which is 
volatilized, and deposits upon the charcoal a wMte incrusta- 
tion (tellurons acid). 

If tellurons acid, finely powdered charcoal, and carbonate 
of soda are mixed together, and the mixture be well ignited in 
a closed tube, until fusion is effected, and a few drops of boiled 
water are brought into the tube, they are colored purple, indi- 
cating the presence of teUwr-sodium, 

Telluric Add (TeO*) forms six-sided prismatic crystals. It 
has not an acid, but rather a metallic taste. It changes blue 
litmus paper to red ; is slowly soluble in water, and rather 
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sparingly. Exposed to a high temperature, bat not until 
glowing, the crjstallioe acid loses its water, and acquires an 
orange color, but still it preserves its crystalline form, althongh 
no longer solable in water, and is in fact so much changed in 
its properties as to present the instance of an isomeric modifi- 
cation. 

If tellnric acid is heated gently in a closed tube, it loses 
water and turns yellow. Heated still more strongly, it becomes 
milk-white, oxygen is expelled, and it is conyertcd into telln- 
rons acid. The presence of oxygen can be recognized by the 
more liyely combustion which an ignited splinter of wood 
undergoes when held in it. Telluric acid produces the same 
reactions with the blowpipe reagents as tellurons add. 



SEVENTH GROUP. — LEAD, BISMUTH, TW. 

The oxides of these metals are also reduced to the metallic 
state by fusion with soda upon charcoal in the flame of redac- 
tion, but they are volatilizQfl only after a continued blast, and 
a snblimate is thrown upon the charcoal. 

{a.) Lead (Pb). — This metal occurs in considerable quanti- 
ty in nature, chiefly as galena or lead-glance (sulphide of 
lead). Likewise, but more rarely, as a carbonate ; ako as a 
sulphate, and sometimes combined with other acids and metals. 

In the metallic state, lead is of a bluish-grey color, high lus- 
tre, and sp. gr. 11*4. It is soft, and communicates a stain to 
paper. It is malleable, ductile, but has very little tenacity. It 
melts at about 612^. Exposed to the air it soon tarnishes, being 
covered with a grey matter, which some regard as a suboxide 
(Pb'O), and others as simply a mixture of lead and protoxide. 
At a glowing heat it is oxidized to a protoxide, and at a white 
heat it is rolatilized. It is insoluble in most acids. It is, how- 
ever, soluble in nitric acid, but without decomposing water. 

(i.) Protoxide of Lead (PbO). — It is an orange-colored 
powder, which melts at a glowing temperatare, and forms a 
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lamellar mass after cooling. * Protoxide of lead absorbs oxygen 
from the atmosphere while melting, which is given off again by 
cooling. Being exposed for a longer while to the air, it absorbs 
carbonic acid and water, and becomes white on the surface. 
It is soluble in nitric acid and caustic alkalies. It forms with 
most acids insoluble salts. It is slightly soluble in pure water, 
but not in water which contains alkaline salts. This hydrate 
is white. 

(/3.) Red Oxide of Lead (PbO',PbO).— It forms a puce-colored 
powder. It is insoluble in caustic alkalies. Hydrochloric acid 
dissolves it and forms a yellow liquid, which is soon decomposed 
into chloride of lead and chlorine. It is reduced by ignition to 
the protoxide. 

(y.) Peroxide of Lead (PbO*). — It is a dark-brown powder. 
It yields with hydrochloric acid the chloride of lead and chlorine 
gas. When heated it liberates oxygen, and is reduced to the 
protoxide. 

Lead combinations give the following reactions before the 
blowpipe : Metallic lead tarnishes when heated in the oxidation 
flame, and is instantly covered with a grey matter, consisting of 
the protoxide and the metal. It fuses quickly, and is then co- 
vered with a yellowish-brown protoxide until all the lead is 
converted into the protoxide, which melts to a yellow liquid. 
In the reduction flame and upon charcoal, it is volatilized, while 
the charcoal becomes covered with a yellow sublimate of oxide. 
A little distance from the assay, this sublimate appears white 
(carbonate of lead). Protoxide of lead melts in the flame of 
oxidation to a beautiful dark yellow bead. In the flame of re- 
duction, and upon charcoal, it is reduced with intumescence to 
metallic lead, which is volatilized by a continued blast, and sub- 
limates on charcoal, as mentioned above. 

Red oxide of lead turns black when heated in the glass tube 
closed at one end, and liberates oxygen, which is easily detected 
by the introduction of an ignited splinter, when a more lively 
combustion of the wood proves the presence of uncombined 
oxygen. The red oxide in this case is reduced to the protoxide. 
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Heated upon platinum foO, it first turns black, is reduced to the 
protoxide, and melts into a dark yellow liquid. In the reduc- 
tion flame, upon charcoal, it is reduced to the metal with intu- 
mescence. After a continued blast, a yellow sublimate of pro- 
toxide is produced upon the charcoal, and at a little distance off, 
around this sublimate, a white one of carbonate of lead is pro- 
duced. This sublimate disappears when touched by the flame 
of reduction, whUe it communicates an azure blue-tinge to the 
external flame. This is likewise the case with the peroxide of 
lead. 

The different oxides of lead produce with the blowpipe re- 
agents the same reactions. 

Borax dissolres lead compounds with the greatest readiness 
upon platinum wire in the oxidation flame to a transparent bead, 
which is yellow when hot, but colorless after being cooled. 
With the addition of more of the lead oxide, it becomes opal- 
escent. When heated by the intermittent flame, and with still 
more of the oxide, it acquires a yellow enamel after cooling. 
Heated upon charcoal, in the flame of reduction, the bead 
spreads and becomes opaque. After a continued blast, all 
the oxide is reduced with efferrescence to metallic lead, which 
melts and runs towards the edges of the bead, while the bead 
again becomes transparent. 

Microcosmic SaU dissolves oxides of lead upon platinum wire 
in the flame of oxidation easily to a clear, colorless bead, which 
appears, when highly saturated, yellow while hot. A saturated 
bead becomes enamel-like after cooling. The bead appears in 
the flame of reduction, and upon charcoal, of a greyish color 
and duU. By the addition of more oxide, a yellow sublimate of 
protoxide is produced upon the charcoal. By the addition of 
tin, the bead appears of a darker grey, but it is never quite 
opaque. 

Carbonate of Soda dissolves oxide of lead in the flame of oxi- 
dation upon platinum wire quite readily to a transparent bead, 
which becomes yellow when cooling, and is opaque. Upon char- 
coal in the flame of reduction, it is rapidly reduced to metallic 



152 The Blowpipe. 

lead, whieh yields, after a continaed blast, a yellow sublimate 
of oxide upoD the charcoal. 

(b.) Bismuth (Bi). — This metal occurs mostly in the metallic 
state, and less frequently as the sulphide. In the pure metallic 
state, it is of a reddish-white color and great lustre. It crys- 
tallizes iu cabes. It is brittle, and may be readily pulyerized. 
It melts at 4t6^, and is Yolatilized at a white heat. It is'solu- 
ble in nitric acid, and forms the nitrate of bismuth. 

(a.) Oxide of Bismuth (Bi'O*). — ^This oxide is a light yellow 
powder, fusible at a red heat, insoluble in caustic potash and 
ammonia. It is the base of the salts of bismuth. Its hydrate 
is white, and easily soluble in acids. The addition of water 
causes these solutions to become milky, because they are 
decomposed into a soluble acidulous and an insoluble basic 
salt of bismuth. 

{P,) Peroxide of Bism/u4h (BiO*) is a dark-colored powder, 
completely soluble in boiling nitric acid, and yielding oxygen ; 
produces, with hydrochloric acid, chlorine gas. It can be 
heated up to the temperature of 620^ without being decom- 
posed ; but, exposed to a temperature of 630° it yields oxygen. 
Mixed with combustible substances, it glows with brightness. 

(y.) Bismuthic Add (Bi'O*) is a brown powder similar to 
the peroxide, but is converted by boiling nitric acid into a 
green, scarcely soluble substance (Bi"0*, Bi*0*). Its hydrate 
is of a red color. 

Blowpipe Reactions. — Metallic bismuth is converted, when 
exposed upon platinum wire to the flame of oxidation, into a 
dark brown oxide, which turns light yellow while cooling. It 
is slowly volatilized when heated, and a yellow sublimate of 
oxide is produced upon the charcoal. 

Oxide of bismuth melts upon platinum foil in the flame of 
oxidation very easily into a dark-brown liquid, which changes 
to a light yellow while cooling. By too strong a hefit, it is 
reduced and penetrates the platinum foil. 

Upon charcoal, in the flame of oxidation and of reduction, it is 
reduced to metallic bismuth, which melts into one or more 
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globules. By a continned blast they are slowlj Tolatiliafied, and 
produce a yellow sublimate of oxide upon the charcoal, beyond 
which a white sublimate of carbonate of bismnth is risible. 
These sublimates disappear in the flame of redaction, bat with- 
out communicating any color to it. 

Borax dissolves oxide of bismuth upon platinum wire, in the 
flame ci oxidation, easily to a clear yellow bead, which appears 
colorless after cooling. By the addition of more oxide, the hot 
bead becomes orange. It turns more yellow while cooling, and 
when cool is opalescent. Upon charcoal in the flame of reduc- 
tion, the bead becomes turbid and greyish colored. The oxide is 
reduced with intamescence to the metallic state, and the bead 
becomes clear again. The addition of tin promotes the redac- 
tion. 

Mierocosmic SaU dissolves oxide of bismuth upon platinum 
wire, in the flame of oxidation, to a yellow bead, which becomes 
colorless after cooling. By the addition of more oxide, the 
bead is yellowish-brown while hot, and colorless after cooling, 
but not quite transparent. This bead becomes enamelled when 
heated by the intermittent flame ; also, by the addition of still 
more of the oxide, after it is cooled. 

Upon charcoal, in the flame of reduction, and particularly 
with the addition of tin, the bead is colorless and transparent 
while hot, but while cooling becomes of a dark-gray c(4or and 
opaque. 

Oxide of bismuth is reduced, by fusion with carbonate of soda, 
a.8 well in the oxidating as in the reducing flame, instantly to 
metallic bismuth. 

As the above mentioned higher oxides of bismuth are con* 
verted by ignition into oxide of the metal and free oxygen^ 
they have the same behavior before the blowpipe. 

As bismuth occurs mostly in the metallic form, it is neces^ 
sary to know how to distinguish it from metals similar to 
it. Its brittleness distinguishes it from lead, zinc and tin, as 
they are readily flattened by a stroke of the hammer, while 
bismnth is broken to pieces. Bismuth, in this latter respect, 

7* 
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m^ht perhaps be mistaken for antimonj or tellariam ; biit, hj 
the following examination, it is easy to separate Insmnth ttom 
antimony or tellariam. 

1. Neither bismath nor antimony sublimates when heated in 
a glass tnbe closed at one end. At a temperatare which is 
abont to fuse the glass, tellariam yields a small quantity of a 
white vapor (some tellariam is oxidized to telloroas acid by 
the oxygen of the air in the tabe). After that, a grey metallic 
sublimate settles on the sides of the tube. 

2. Heated in an open tube, antimony yields a white yapor, 
which coats the inside of the glass tnbe, and can be driyen by 
heat from one part of the tube to another without leaving a 
residue. The metallic globule is covered with a considerable 
quantity of fused oxide. Tellurium produces, under the same 
circumstances, an intense vapor, and deposits on the glass a 
white powder, which melts by heat into globules that run 
over the glass. The metallic globules are covered by fused, 
transparent, and nearly colorless oxide, which becomes white 
while cooling. By a high temperatare, and with little access 
of air, metallic tellurium sublimes with the deposition of a 
grey powder. Bismuth produces, under similar treatment, 
scarcely any vapor, unless it is combined with sulphur. The 
metal is enveloped by fused oxide of a dark yellow color, 
which appears light yellow after being cooled. It acts upon 
the glass, and dissolves it. 

3. Upon charcoal, exposed to the blowpipe flame, the three 
metals are volatilized, and yield a sublimate upon the charcoal. 
That of antimony is white, while those of bismath and tellurium 
are dark yellow. By exposing them to the flame of reduction, 
the sublimate of tellurium disappears and communicates an 
intense green color to the flame. The antimony incrustation 
gives a feeble greenish-blue color, while the sublimate of bis- 
muth gives no perceptible color in the light. It is, however, 
worthy of notice that if the operation takes place in the dark, 
a very pale blue flame will be seen with the bismuth. 

(^.) Tin (Sn), — This metal does not occur in nature in the 



Spboial Rbactions. 165 

metallic state, very seldom in the salphide, bat ctiiefiy in the 
oxide (tinstone). In the metallic state it is 6ilTer>white, pos- 
sesses a very high lastre, is soft (bat harder than lead), ductile, 
but has not much tenacity, and it is Tery malleable. The 
metal when it is cast gires a peculiar creaking noise when 
twisted or bent, which proceeds from the crystalline stmcture 
of the metal. This crystallization is quite dearly manifested 
by attacking the surface <^ the metal, or that of tin plate, 
with acids. 

Tin is Yery slightly tarnished by exposure to the air. It 
fuses at 442°, and becomes grey, being a mixture of the oxide 
and the metal. At a high temperature CYcn, tin is but little 
sabject to pass off as vapor. It is solable in aqua regia, and 
with the liberation of hydrogen, in hot snlphurlc and hydro- 
chloric acids, and in cold dilute nitric acid, without decom- 
posing water, or the production c^ a gas, while nitrate of tin 
and nitrate of ammonia are formed. Concentrated nitric add 
converts tin into insoluble tin acids. 

(a.) Protoxide of 71m (SnO) is a dark-grey powder. Its 
hydrate is white, and is soluble in caustic alkalies. When this 
solution is heated, anhydrous crystalline black protoxide is 
separated. The soluble neutral salts of tin^rotoxide are de- 
composed by the addition of water, and converted into add 
solable, and basic insoluble salts. 

When protoxide of tin is ignited with free access of air, it 
takes fire and is converted with considerable intensity into the 
acids, producing white vapors. This is likewise the case if it is 
touched by a spark of fire from steel. The hydrate of the prot- 
oxide of tin can be ingnited by the flame of a candle, and 
glows like tinder. 

(/3.) Sefquioxide of Tin (Sn'C) is a greyish-brown powder. 
Its hydrate is white, with a yellow tinge. It is soluble in 
aqua ammonia and in hydrochloric acid ; this solution forms 
with solntion of gold the " purple of Cassins/' 

(y.) Stamfde Add (peroxide, SnO').— -This acid occurs in na- 
ture crystallized m quadro-octahedrons, of a brown or an intense 
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black color, and of great hardness (tiastone). Artificiallj pre- 
pared, it is a white or jellowlsh-white powder. It exists in. 
two distinct or isomeric modifications, one of which is insolable 
in acids (natural tin-acid) while the other (tin-acid prepared in 
the wet way) is solnble in acids. £7 ignition the solnble acid 
is converted into the insoluble. Both modifications form 
hydrates. 

Reactions before the Bkwfife. — Metallic tin melts easily. It 
is covered in the flame of oxidation into a yellowish-white 
oxide, which is carried off sometimes by the stream of air 
which propels the flame. In the reduction flame, and upon 
charcoal, melting tin retains its metallic lustre, while a thin 
sublimate is produced upon the charcoal. This sublimate is 
light-yellow while hot, and gives a strong light in the flame of 
oxidation, and turns white while cooliug. This sublimate is 
found near to the metal, and cannot be volatilized in the oxidar 
tion flame. In the flame of reduction it is reduced to metallic 
tin. Sometimes this incrustation is so imperceptible that it 
can scarcely be distinguished from the ashes of the charcoal. 
If such be the case, moisten it with a solution of cobalt,' and 
expose it to the flame of oxidation, when the sublimate will 
exhibit, after cooling, a bluish-green color. 

Protoxide of tin takes fire in the flame of oxidation, and 
burns with flame and some white vapor into tin acid, or stannic 
acid. In a strong and continued reduction flame, it may be 
reduced to metal, when the same sublimate above mentioned 
is visible. The sesquioxide of tin behaves as the above. 

Stannic acid, heated in the flame of oxidation, does not melt 
and is not volatilized, but produces a strong light, and appears 
yellowish while hot, but changing as it cools to a dirty-yellow 
white color. In a strong' and continued flame of reduction, it 
may be reduced likewise to the metallic state, with the produc- 
tion of the same sublimate as the above. 

Borax dissolves tin compounds in the flame of oxidation, and 
npon platinum wire, very tardily, and in small quantity, to a 
transparent colorless bead, which remains clear after cooling. 
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and also when heated intermittingly. Bat if a saturated bead, 
after being completely cool, is exposed again to the flame of 
oxidation, at a low red heat, the bead while cooling is 
opaque, loses its globular form, and exhibits an indistinct- crys- 
tallization. This is the case too in the flame of reduction, but 
if the bead is highly saturated, a part of the oxide is reduced. 

Microcoswic SaU dissolves the oxides in the flame of reduc- 
tion Tery tardily in a small quantity to a transparent colorless 
bead, which remiuns clear while cooling. If to this bead ses- 
quioxide of ircm is added in proper proportion, the sesquioxide 
loses its property of coloring the bead, but of course an excess 
of the iron salt will communicate to the bead its own charac- 
teristic color. In the flame of reduction no further alteration 
is yisible. 

Tin-oxides combine with carbonate of soda, in the flame of 
oxidation upon platinum wire, with intumescence to a bulky 
and confused mass, which is insoluble in more sbda. Upon char- 
coal, in the reduction flame, it is easily reddced to a metallic 
globule. Certain compounds of tin-oxides, particularly if they 
contain tantalum, are by fusion with carbonate of soda reduced 
with difficulty ; but by the addition of some borax, the reduc- 
tion to the metallic state is easily effected. 

Tin-oxides exposed to the oxidation flame, then moistened 
with a sc^ution of cobalt, and exposed again to the flame of 
oxidation, will exhibit, after having completely cooled, a blolBh- 
green cc^or. 
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These two metals are volatilized at a temperature lower 
than that of a red heat, and produce, therefore, no reactions 
with borax and microcosipic salt. Their oxides are easily 
reduoed to the metallic state. 

(a.) Mercury (Hg). — ^This metal occurs in nature chiefly 
combined with sulphur as a bisulphide. 
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It ocean still more rarely in the metallic fomt, or combined 
with silyer, seleninmy or chlorine. 

Mercnrj, in the metallic state, has a strong lastre, and is 
liquid at ordinary temperatores, whereby it is distingoished 
from any other metal. It freezes at 40^ and boils at 620^, 
bat it evaporates at common temperatures. Pore mercory is 
unalterable. Upon being exposed to the air, it tarnishes only 
by admixture with other metals, tarns grey on the surface, and 
loses its lustre. It is soluble in cold nitric acid and in concen- 
trated hot sulphuric acid, but not in hydrochloric add. 

{X') FraUndde of Mtrcu/ry (Hg'O). — It is a black powder, 
which is decomposed by ignition into metallic mercury and oxy- 
gen. By digestion with certain acids, and particularly with 
caustic alkalies, it is conyerted into metallic mercury and per- 
oxide. Some neutral salts of the protoxide are only partly 
soluble in water, as they are converted into basic insoluble and 
acid soluble salts. 

Protoxide of mercury is completely insoluble in hydrochloric 
acid. Its neutral salts change blue litmus paper to red. 

(i3.) Peroxide of MtroMry (HgO). — This oxide exists in two 
allotropic modifications. One is of a brick-red color, and the 
other is orange. Beiog exposed to heat, they turn black, but 
regaui their respective colors upon cooling. They are decom- 
posed at a high temperature into metallic mercury and oxygen. 
They yield with acids their own peculiar salts. 

Mercury, in the metallic form, can never be mistaken for any 
other metal in consequence of its fluid condition at ordinary 
temperatures. 

Exposed to the blowpipe flame, it is instantly volatilized. 
This is also the case with it when combined with other 
metals. The oxides of mercury are, in the oxidation and 
reduction flames, instantly reduced and volatilized. They do 
not produce any alteration with fluxes, as they are volatilized 
before the bead melts. Heated with carbonate of soda in a 
glass tube closed at one end, they are reduced to metallic mer- 
cury, which is volatilized, and condenses upon a cool portion of 
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the tube as a grej powder. By cantions knocking against the 
tube, or by rubbing with a glass rod, this sablimate can be 
bronght together into one globule of metallic mercury. Com- 
pounds of mercury can be most completely reduced by a mix- 
ture of neutral oxalate of potassa and cyanide of potassium. If 
the substance under examination contains such a small quan- 
tity of mercury that it cannot be distinguished by Tolatilization, 
a strip of gold leaf may be attached to an iron wire, and intro- 
duced during the experiment in the glass tube. The smallest 
trace of mercury will whiten the gold leaf in spots. 

(h.) Arstme (As). — This metal occurs in considerable quan- 
tity in nature, chiefly combined with sulphur or metals. 

Arsenic, in the metallic state, is of a whitish-grey color, high 
lustre, and is crystalline, of a foliated structure, and is so brittle 
that it can be pulverized. It does not melt, but is volatilized 
at 356^. Its vapor has a strong alliaceous odor. Arsenic 
sublimes in irregular crystals. By exposure to the air it soon 
tarnishes^ and is coated black. Being mixed with nitrate of 
potassa and inflamed, it detonates with vehemence. Mixed 
With carbonate of potassa, it is inflamed by a stroke of the 
hammer, and detonates violently. 

Heated in oxygen gas, it is inflamed, and bums with a pale 
blue flame to arsenious acid. 

(/3.) Arseniofu Add (AsO'). — This acid crystallizes in octa- 
hedrons, or, when fused, forms a colorless glass, which finally 
becomes opaque and enamel-like, or forms a white powder. It 
sublimes without change or decomposition. When heated for 
a longer while below the temperature of sublimation, it melts 
into a transparent, colorless, tough glass. The opaque acid is 
sparingly soluble in cold water, and still more soluble in hot 
water. It is converted, by continued boiling, into the transpa- 
rent acid, which is much more soluble in water. Arsenious acid 
is easily dissolved by caustic potassa. It is also soluble in 
hydrochloric acid. This acid occurs associated with antimo- 
nions acid, protoxide of tin, protoxide of lead, and oxide of 
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copper. It occurs likewise in rerj small qnantity in fermgi- 
noas mineral springs. 

(y.) Arsenic Add (AsO*) is a white mass, which readily 
absorbs moisture and dissolyes. It will not volatilize at a low 
red heat, nor will it decompose. Exposed to a strong heat, it 
is decomposed, yielding oxygen^ and passing into arsenioas 
acid.' 

Reactions before the Blowpipe, 

Metallic arsenic, heated in a glass tube closed at one end/ 
yields a black snblimate of a metallic Instre, and at the same 
time gives out the characteristic alliaceous odor. This is the 
case too with alloys of arsenic, if there is a^maximum quantity 
of arsenic present. 

When heated in a glass tube open at both ends, metallic 
arsenic is oxidized to arsenions acid, which appears as a white 
crystalline sublimate on the sides of the glass tube. This 
deposit will occur at some distance from the assay, in conse^ 
quence of the great volatility of the arsenic. The sublimate 
can be driven from one place upon the tube to another, by a 
very low heat. Alloys of arsenic are converted into basic 
arseniates of metal oxides, while surplus arsenic is converted 
into arsenious acid, which sublimes on the tube. If too much 
arsenic is- used for this experiment, a dark-brown incrustation 
will sublime u|)on the sides of the tube which will give an alli- 
aceous smell. If this sublimate should be deposited near the 
assay, then it resembles the white sublimate of arsenions acid. 

Heated upon charcoal, metallic arsenic is volatilized before 
it melts, and incrusts the charcoal in the flame of oxidation as 
a white deposit of arsenious acid. This sublimate appears 
sometimes of a greyish color, and takes place at some dis- 
tance from the assay. When heated slightly with the blow- 
pipe flame, this sublimate is instantly driven away, and being 
heated rapidly in the reduction flame, it disappears with a 
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light blae tinge, while the usual alliaeeoas or garhc smell may 
be discerned. 

Arseuions acid sublimes in both glass tubes yery readilj, as a 
white crystalline sublimate. These crystals appear to be regu. 
lar octahedrons when obseryed under the microscope. Upon 
charcoal it instantly volatilizes, and when heated, the character, 
istic garlic smell may be observed. 

Arsenic acid yields, heated strongly in a glass tube closed at 
one end, oxygen and arsenious acid, the latter of which sub- 
limes in the cool portions of the tube. Compounds of arsenic 
produce, in consequence of their volatiKty, no reftctions with 
fluxes. Being heated upon charcoal with carbonate of soda, 
they are reduced to metallic arsenic which may be detected by 
the alliaceous odor peculiar to all the arsenic compounds when 
volatilized. 



NINTH GROUP. — COPPER, SILVER, GOLD. 

These metals are not volatile, neither are their oxides. They 
are reduced to the metallic state, by fusion with carbonate of 
soda, when they melt to a metallic grain. The oxides of silver 
and gold are reduced per se to the metallic state by ignition. 
In the reduction of the oxides of this group, no sublimate is 
visible upon the charcoal. 

(a.) Copper (Cu). — ^This metal occurs in the metallic state, 
also as the protoxide, and as oxides combined with acids in 
different salts (carbonate of copper as malachite, etc.) The sul- 
phide of copper is the principal ore of copper occurring in nature. 
In the metallic state,* copper is of a red color, has great lustre 
and tenacity, is ductile and malleable, and crystallizes in octa- 
hedrons and cubes. It melts at a bright red heat, is more 
difficult than silver to fuse, but fuses more readily than gold. 
It absorbs oxygen while melting. There arises from its surface 
a fine dust of metallic globules, which are covered with the 
protoxide. The surface of the metal is likewise covered with 
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the protoxide. Copper exposed to moist air tarnishes, and is 
conTerted into hydratlc carbonate of copper. When ignited 
in the open air, it is soon corered with the brownish-red prot- 
oxide. 

(X-) Protcande of Copper (Cu'O).'^This oxide occurs in 
nature, ciystallized in octahedrons of a rubj-red color, of a 
lamellar structure, and transparent. Artificially prepared, it 
forms a powder of the same color. It is decomposed bj dilute 
adds into salts of peroxide and metal. It is converted by igni- 
tion, with free access of air, into peroxide. 

()3.) Oxide of Copper (CuO). — ^This oxide is a dark-brown 
or black powder. It is dissolyed by acids, with a blue or 
green-colored solution. It is soluble in aqua ammonia, and the 
solution is of a dark blue color. 

Reactions before the Blowpipe, — Oxide of copper exposed 
upon platinum wire to the inmost flame (the blue flame), com- 
municates to the external flame a green color. Heated upon 
charcoal in the oxidation flame, it melts to a black ball, soon 
spreads oyer the charcoal, and is partially reduced. 

Exposed to the reduction flame, at a temperature which will 
not melt copper, it is reduced with a bright metallic lustre, but 
as soon as the blast ceases, the surface of the metal becomes 
oxidized, and appears dark brown or black. If the tempera- 
ture is continued stOl higher, it melts to a metallic grain. 

Borax dissolves the oxide of copper in the flame of oxidation 
to a clear green-colored bead, even if the quantity of oxide be 
quite small, but by cooling, the bead becomes blue. In the 
flame of reduction upon platinijm wire, the bead soon becomes 
colorless, but while cooling presents a red color (protoxide of 
copper). This bead is opaque, but, if too much of the oxide 
is added, a part of it is reduced to metal, which is visible by 
breaking the metallic grain. 

Upon charcoal, the oxide is reduced to the metal, and the 
bead appears colorless after cooling. With the addition of 
some tin, the bead becomes brownish-red and opaque after 
cooling. 
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Mkrocosmic Salt dissolves oxide of copper in the flftine 
of oxidation to a green bead, not so intensely colored as the 
borax bead. In the redaction flame the bead, if pretty well 
satorated, becomes dark-green while hot, and brownish-red 
when cool, opaqne and enamel-like. If the oxide is so little 
that no reaction is visible, by the addition of some tin, the 
bead appears colorless while hot, and dark brownish-red and 
opaque when cold. 

Carbonate of Soda dissolves oxide of copper in the oxidation 
flame upon platinum wire, to a clear, green bead, which loses 
its color when cooling, and becomes opaque. 

Upon charcoal, it is reduced to the metal, the soda is ab- 
sorbed by the charcoal, and the metallic particles melt with 
sufficient heat to a grain. 

(b.) Silver (Ag). — This metal occurs in nature in the me- 
tallic state, and in combination with other metals, particularly 
with lead. It also occurs as the sulphide in several mines* 
It crystallizes in cubes and octahedrons ; is of a pure white 
color, great lustre, is very malleable and ductile, and is softer 
than copper, but harder than gold. It is not oxidizable, neither 
at common temperatures nor at those which are considerably 
higher. It is soluble in dilate nitric acid, and in boiling con- 
centrated sulphuric acid. 

iX') Protoxide of Silver (Ag*0). — It is a black powder. 
It is converted by acids and ammonia into oxide and metal. 

(j3.) Oxide of Silver (AgO). — It is a greyish-brown or 
black powder, and is the base of the silver salts. With aqua 
ammonia, it is converted into the black, fulminating silver. 

(y.) Superoxide or Binoxide of Silver (AgO"). — ^This oxide 
occurs in black needles or octahedral crystals of great metallic 
lustre. It is dissolved by the oxygen acids with the disen- 
gagement of oxygen gas. 

Behavior before the Blowpipe, — ^When exposed to the flames 
of oxidation and reduction, the oxides of silver are instantly 
reduced to the metallic state. 

Borax dissolves silver-oxides upon platinum wire in the 
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oxidation flame but partially, while the other portion is re- 
duced, the bead appearing opalescent after cooUng, in corres- 
pondence to the degree of saturation. The bead becomes grey 
in the flame of reduction, the reduced silver melting to a grain, 
and the bead is rendered clear and colorless again. 

Microcosmic Salt dissolves oxides of silver in the flame of 
oxidation upon platinum wire to a transparent yellowish bead, 
which presents, when much of the oxide is present, an opales- 
cent appearance. 

In the flame of reduction, the reaction is analogous to that 
of borax. 

By fusion with carbonate of soda in the oxidation and reduc- 
tion flames, the silver oxides are instantly reduced to metallic 
silver, which fuses into one or more grains. 

(c.) Gvld (An). — This metal occurs mostly in the metallic 
state, but frequently mixed with ores, and with other metals. 
Gold crystallizes in cubes and octahedrons, is of a beautiful yel- 
low color, great lustre, and is the most malleable and ductile 
of ail the metals. It melts at a higher temperature than cop- 
per, gives a green colored light when fused, and contracts 
greatly when cooling. It does not oxidize at ordinary tempe- 
ratures, nor when heated much above them. It is soluble in 
nitro-hydrochloric acid {aqrm regia). 

(X.) Protoxide of Gold (Au*0). — ^This oxide is a dark violet 
cplored powder which is converted by a temperature of 640° 
into metallic gold and oxygen. It is only soluble in aqua 
regia. Treated with hydrochloric acid, it yields the chloride 
of gold and the metal. With aqua ammonia, it yields the ful- 
minating gold, which is a blue mass and very explosive. 

{X-) Peroxide of Gold (Au'O"). — This oxide is an olive- 
green or dark brown powder, containing variable quantities of 
water. Decomposed at 530°, it yields metallic gold and oxy- 
gen. 

Reactions before the Blowpipe. — Oxides of gold are reduced, 
in both the oxidation and reduction flames, to the metal, which 
fuses to grains 
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Bordx does not dissolye it, bat it is reduced to the metallic 
state in this flax in either flame. The reduced metal fuses 
upon charcoal to a grain. 

3Iicro€osmic Salt presents the same reacti(Hi8 as borax. 

When fused with soda, upon charcoal, the soda is absorbed, 
and the gold remains as a metallic grain. 



TENTH GROUP. MOLYBDENUM, OSMIUM. 

These metals are not volatile, and are infusible before the 
blowpipe; but some of their oxides are yolatile, and can be 
reduced to an infusible metallic powder. 

(a,) Molybdenum (Mo) occurs in the metallic state ; also 
combined with sulphur, or as molybdic acid combined with 
lead. It is a white, brittle metal, and is unaltered bj expo- 
sure to the air. When heated until it begins to glow, it is 
converted into a brown oxide. Heated at a continued dull red 
heat, it turns blue. At a higher temperature, it is oxidized to 
molybdic acid, when it glimmers and smokes, and is converted 
into crystallized molybdic acid upon the surface. 

(X-) Protoxide of Molybdenum (MoO). — ^This oxide, is a 
black powder. 

{X.) Deutoxide of Molybdenum (MoO"). — ^This oxide is a 
dark copper-colored crystalline powder. 

Meactions before the Blowpipe. — Metallic molybdenum, its 
protoxide and binoxide, are converted in the oxidation flame 
into molybdic acid. This acid fuses in the flame of oxidation 
to a brown liquid, which spreads, volatilizes, and sublimes upon 
the charcoal as a yellow powder, which appears crystalline in 
the vicinity of the assay. This sublimate becomes white after 
cooling. Beyond this sublimate there is visible a thin and not 
volatile ore of binoxide, after cooling; this is of a dark copper- 
red color, and presenting a metallic lustre. 

Heated in a glass tube, closed at one end, it melts to a 

brown mass, vaporizes and sublimates to a white powder upon 

• a cool portion of the tube. Immediately above the assay, yel- 
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low crystals arc Tisible; these crystals are colorless after cool- 
ing, and the fused mass becomes light yellow-colored and crys- 
talline. 

Upon platinum foil, in the flame of oxidation, it melts and 
yaporises, and becomes light yellow and crystalline after cool- 
ing. In the redaction flame it becomes bine, and brown-colored 
if the heat is increased. 

Upon charcoal, in the rednction flame, it is absorbed by the 
charcoal; and, with an increase of the tempcratnre, it is re- 
duced to the metal, which remains as a grey powder after 
washing off the particles of charcoal. 

Borax dissolves it, in the oxidation flame, upon platinum 
wire easily, and in great quantity, to a clear yellow, which 
becomes colorless while cooling. By the addition of more of 
the molybdenic acid the bead is dark yellow, or red while hot, 
and opalescent when cold. In the reduction flame, the color 
of the bead is changed to brown and transparent. By the 
addition of more of the acid,, it becomes opaque. 

Microcosmic Soli dissolves it in the oxidation flame, upon 
platinum wire, to a clear, yellowish-green bead, which becomes 
colorless after cooling. In the reduction flame the bead is yeiy 
dark and opaque, but becomes of a bright green after cooling. 
This is the case likewise upon charcoal. 

Carbonate of Soda dissolves it upon platinum wire in the 
oxidation flame with intumescence, to a clear bead, which 
appears milk-white after cooling. Upon charcoal the soda and 
the molybdic acid are absorbed, the latter is reduced to the 
metallic state, the metal remaining as a grey powder after 
washing off the particles of charcoal. When mdvbdic acid, or 
any other oxide of this metal, is exposed upon platinum wire, at 
with platinum tongs, to the point of the blue flame, a yellowish- 
green color is communicated to the external flame. If also any 
of the compounds of molybdenum are mixed in the form of a 
powder with, concentrated sulphuric acid and alcohol, and the 
latter inflamed, the flame of the alcohol appears colored g^een. 

(c.) Osmium (Os). — ^This metal occurs associated with pla- 
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tiiinm. It is of a blaish-grey color, and u rerj brittle. 
Ignited in the open air, it is oxidized to volatile osmic add, 
which is possessed of a pangent smell, and affects the eyes. It 
communicates a bright white color to the flame of alcohol. 
Osmiam oxide (OsO') is conyerted in the oxidation flame to 
osmic acid, which is yolatilized with a peculiar smell, leaving a 
sublimate. 

In the redaction flame it is reduced to a dark*brown infusible 
metallic powder. It produces no reactions with flaxes. Car- 
bonate of soda reduces it upon charcoal to an infusible metallic 
powder, which appears, after washing off the particles of char- 
coal, of a dark-brown color. 



ELEVENTH GROUP. — PLATINUM, PALLADIUM, IRIDIUM, RHODIUM, 

RUTHENIUM. 

These metals are infusible before the blowpipe. They are 
not volatile, nor are they oxidizable. Their oxides are, in both 
flames, reduced to a metallic and infusible powder. They give 
no reactions with fluxes, but are separated in the metallic form. 
These metals are generally found associated together in the 
native platinum, also with traces of copper, lead, and iron. 

The metal palladium is found native, associated with iridium 
and platinum. This metal generally occurs in greatest quan- 
tity in BrazQ. 

The metal rhodium is found along with platinum, but in very 
small quantities. 

Iridium occurs in nature associated with osmium, gold, and 
platinum, in the mines of Russia. Its great hardness has ren- 
dered it desirable for the points of gold pens. In South 
America this metal is found native, associated with platinum 
and osmium. The latter metal, associated with platinum and 
iridium, has been found in South America. 

As these metals will not oxidise or dissolve, they cannot be 
separated from each other by the blowpipe with the reagents 
peculiar to that species of analysis. It is true that colors may 
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be discerned in the beads, bnt these tints proceed from the pre- 
sence of small traces of copper, iron, etc. 

The ore of osminm and iridinm can be decomposed, and the 
former recognised bj its fetid odor. This metal, strongly 
ignited in a glass tobe with nitrate of potash, is converted to 
the oxide oi osminm, which gives an odor not nnlike the chlo- 
ride of snlphur. 

As the metals <^ this gronp are very rare ones, especially the 
last four ones, we uhM not devote an especial division to each 
of them. For a more detailed statement of their reactions, the 
stndent is referred to the large works npon blowpipe analysis. 



GLASS III. 

NON-METALUC SUBSTANCES. 

1. Water — ^2. Nitric Acid — 3. Carbon — 4. Phosphorus — 5. Sul- 
phur — 6. Baron — 7. Silicon — 8. Chlorine — 9. Bromine — 
10. Iodine — 11. Fluorine — 12. Cyaiiogen — 13. Seleninm. 

(1.) Water (HO). — Pore distilled water is composed of 
one volame of oxygen, and two volumes of hydrogen gases ; or, 
by weight, of one part of hydrogen to eight parts of oxygen 
gases. Water is never fonnd pure in nature, bat possessing 
great solvent properties, it always is fountt" with variable pro- 
portions of those snbstances it is most liable to meet with, dis- 
solved in it. Thus it derives various designations depending 
npon the nature of the snbstance it may hold in solution, 
-as lime-water, etc. 

In taking cognizance of water in relation to blowpipe analy- 
sis, we regard it only as existing in minerals. The examination 
for water is generally performed thus : the snbstance may be 
placed in a dry tube, and then submitted to heat over a spirit- 
lamp. If the water exists in the mineral mechanically it will 
soon be driven off, but if it exists chemically combined, the 
heat will fail to drive it off, or if it does, it will only partially 
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effect it. The water will condense upon tke cool portions of 
the tnbe, where it can be readOy discerned. If the water exists 
chemically combined, a much stronger heat most be applied in 
order to separate it. 

Many substances may be perhaps mistaken for water by the 
beginner, snch as the volatile acids, etc. 

(2 ) Nitric Add (NO*). — Nitric acid occurs in nature in 
potash and soda saltpetre. These salts are generally impure, 
containing lime, as the sulphate, carbonate and nitrate, and also 
iron in small quantity. The soda saltpetre generally contains 
a quantity of the cUoride of sodium. The salts containing 
nitric acid deflagrate when heated on charcoal. Substances 
containing nitric acid may be heated in a glass tube closed at 
one end, by which the characteristic red fumes of nitrous acid 
are eliminated. If the acid be in too minute a quantity to be 
thus distinguished, a portion of the substance may be intimately 
mixed with some bisulphate of potash, and treated as aboye. 
The sulphuric acid of the bisulphate combines with the base, 
and liberates the nitric add, while the tube contains the nitrous 
add gas. 

The nitrate of potassa, when heated in a glass tube, fuses to 
^ dear glass, but gives off no water. When fused on platinum 
wire, it communicates to the external flame the characteristic 
violet color. When fased and ignited on charcoal, its surfieuse 
becomes ffothy, indicating the nitric add. 

(3.) Carbon (C). — Carbon is found in nature in the pure 
crystallized state as the diamond. It occurs likewise in 
several allotropic states as graphite, plumbago, charcoal, 
anthracite, etc. It exists in large quantities combined with 
oxygen as carbonic acid. 

The diamond, although combustible, requires too high a heat 
for its combustion to enable us to burn it with the blowpipe. 
When excluded Arom the air, it may be heated to whiteness 
without undergoing fusion, but with the tree access of air it 
bums at a temperature of 703° G, and is converted into car- 
bonic acid. If mixed with nitre, the potassa retains the car- 

8 
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bonic add, and the carbon may be thus easily esttmated. If a 
mineral contaiiung carbonic add is keat^ the gas escapes 
with efferyescence, or a strong mineral add as the hjdrochlimc 
will expel the acid with the characteristic efferrescence. 

(4.) Phasfh/onks^ Phosfhorie Add (PO*). — ^Ihia add occurs 
in a Tarietj of minerals, associated with yttria, copper, uranium, 
iron, lead, manganese, etc. Fhosphorio add may be detected 
in minerals by pnrsung the following process: dip a small 
piece of the mineral in sulphuric add, and place it in the platir 
nnm tongs: this is heated at the point of the blue flame, whea 
the outer flame will become colored of a gseenish-blne hue. 
This color will not be mistaken for those of b<M*acic add, cop- 
per, or baryta. Some of the phosphoric minerakia when heated 
in the inner flame, will color the outer flame green. 

If alumina be present with the phoqphodo acid, the following 
wet method shoidd be adopted for the detection of the latter: 
the substance should be powdered in the agate mortar with a 
mixture of six parts of soda, and one and a half parts of silica. 
The entire mass should now be placed on charcoal, and melted 
in the flame of oxidation. The residue should be treated with 
boiling water, which dissolyes the phosphate and the excess of 
carbonate of soda, while the silicate of alumina, with some of* 
the soda, is left The clear liquor is now treated with acetic 
add, and heated over the spirit-lamp, and a aipall portion of 
crystallized nitrate of silrer added; a kmon-yellow predpitate 
of phosphate of silyer is quickly developed. Preyious to the 
addition of the nitrate, the liquor should be well heated; other- 
wise, a white precipitate of dipyropho^hate of silyer will be 
produced. 

If the examination be of any of the metallic pho^hides^ the 
substances should be powdered in the agate mortar, and fosed 
with nitrate of potassa on the platinum wire; the fused masa 
should be treated with soda in the same manner as any snb^ 
stance containing phosphoric add. The metal and the phos- 
phorus are oxidized, while the phosphate of potassa is fused, 
and the metallic oxide separates. 
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(5.) Sutj^kur (S). — Salphnr is foniid oatiye in crystalB 
It is freqaentlj found associated with lime, iron, silica, carbon, 
etc., and combined eztensiyelj with metals. 

The principal acid of sulphur (the sulphuric, SO') occurs 
combined with the earths, the alkalies, and the jnetallic oxides. 
Natiye sulphur is recognized, when heated upon charcoal, 
by its odor (sulphurous acid) and the blue color of its flame. 
The compounds of sulphur may be detected by sereral methods. 
If the substance is heated in a glass tube, closed at one end, 
the yellow sublimate of sulphur will subside upon the cool por- 
tions of the tube; if the substance should also contain arsenic, 
the sublimate will present itself as a light brown incrustation, 
consisting of the sulphide of arsenic. 

If the assay is heated in the open glass tube, sulphurous acid 
will thus be generated; but, if the gas is too little to be de- 
tected by the smell, a strip of moistened litmus paper will indi- 
cate the presence of the acid. 

The assay will give off sulphurous fumes if heated in the 
flame of oxidation. 

If the powdered substance is fused with two parts of soda, 
and one part of borax, upon charcoal, the sulphide of sodium 
]a formed. This salt, if moistened and applied to a polished 
silver surface, will blacken it. The borax serves no other pur- 
pose than to prevent the abscnrption of the formed sulphide of 
sodium by the charcoaL As selenium will blacken silver in the 
manner above indicated, the presence of this substance should 
be first ascertained, by heating the assay; when, if it be pre- 
sent, the characteristic horse-radish #Sor will reveal the fact. 

Sulphuric acid may be detected by fusing the substance with 
two parts of soda, and one part of borax, on charcoal, in the 
flame of reduction; the mass must now be wetted with water, 
and placed in contact with a surface of bright sUver; when, if 
sulphuric acid be present, the silver will become blackened. 

Or the substance may be fused with silicate of soda in the 
flame of reduction. In this case, the soda combines with a por- 
tion of the sulphuric acid, which is then reduced to the sul- 
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phide, while the bead becomes of ah orange or red color, 
depending upon the amount of the sulphuric acid present. If 
the assay should, however, be colored, then the previous treat- 
ment should be resorted to. 

(6.) Boron, Boracic Add (BO*). — This acid occurs m nature 
in several minerals combined with various bases, such as mag- 
nesia, lime, soda, alumina, etc. Combined with water, this 
acid exists in nature as the native boracic add; this acid gives 
with test paper prepared from Brazil wood, when moistened 
with water, a characteristic reaction, for the paper becomes 
completely bleached. An alcohol solution turns curcuma test 
paper brown. Heated on charcoal, it fuses to a clear bead; 
but, if the sulphate of lime be present, the bead becomes opaque 
upon cooling. 

The following reaction is a certain one: the substance is 
pulverized and mixed with a flux of four and a half parts of 
bisulphate of potassa, and one part of pulverized fluoride of 
calcium. The whole is made into a paste with water, and the 
assay is placed on the platinum wire, and submitted to the 
point of the blue flame. While the assay is melting, fluoboric 
gas is disengaged, which tinges the outer flame green. If but 
a small portion of boracic acid is present, the color will be quite 
evanescent. 

(7.) SUica, Silidc Add (SiO').— This acid exists in the 
greatest plenty, forming no inconsiderable portion of the solid 
part of this earth. It exists nearly pure in crystallized quartz, 
chalcedony, cornelian, flint, etc., the coloring ingredients of 
these minerals being generally iron or manganese. 

With microcosmic salt, silica forms a bead in the flame of oxi- 
dation which, while hot, is clear, while the separated silica 
floats in it. A platinum wire is generally used for the purpose, 
the end of it being first dipped in the salt which is fused into a 
bead, after which the silica must be added, and then the bead 
submitted to the flame of oxidation. 

The silicates dissolve in soda but partially, and then with 
effervescence. If the oxygen of the acid be twice that of 
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the base, a clear bead will be obtained that will retain its 
transparency when ookL If the soda be added in small qaan. 
titj, the bead will then be opaque. In the first instance, a 
part of the base which separates is re-dissolred, and, therefore, 
the transparency of the glass; bnt, if too large a quantity of 
the soda is added, the separation of the base is sufficient to 
render the assay infdsible. 

(8.) CMarine (Gl). — Chlorine exists in nature always in 
combination, as the chlorides of sodium, potassium, calcium, 
ammonium, magnesia, silver, mercury, lead, copper, etc. 

The chlorine existing in metallic chlorides may be detected 
as follows: the wet way may be accomplished in the following 
manner. If the substance is insoluble, it must be melted with 
soda to render it soluble; if it be already soluble it must be 
dissolved in pure water, and nitrate of silver added, when the 
one ten-thousandth part of chlorine will manifest its presence 
by imparting a nrilky hue to the floid. 

By the blowpipe, chlorine may be detected in the following 
manner: Oxide of copper is dissolved in microcosmic salt on 
the platinum wire in the flame of oxidation, and a dear bead is 
obtained. The substance containing the chlorine is now added, 
and heat is applied. The assay wiU soon be enveloped by a 
blue or purplish flame. As none of the acids that occur in the 
mineral kingdom give this reaction, chlorine cannot be con- 
founded with them, for those which impart a color to the flame, 
when mixed with a copper salt, will not do so when tested in 
the microcosmic salt bead as above indicated. 

If the assay is soluble in water, the following method may 
be followed: a small quantity of sulphate of copper or iron is 
dissolved; a few drops of the solution is placed upon a bright 
surface of silver, and the metallic chloride added; when, if 
chlorine is present, the sOver is blackened. If the chloride is 
insoluble in water, it must be rendered soluble by fusion upon 
a platinum wire with soda, and then treated as above.* 

* Maltnor. 
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(9.) Bromine (Br).-— The bromide of nu^iiesiiim and sodiom 
exists in many salt springs, and it is from these that the bro- 
mine of commerce is obtained. The metallic bromides gire the 
same reactions on silver with the microcosnuc bead and copper 
salt as the metalMc chlorides. The porplish color which, how- 
ever, characterizes the cMorides, is more inclined to greenish 
with the bromides. If the substance be placed m a flask or 
glass tabe, and fused with bisnlphate of potassa, dver the 
spiiit-lamp, snlphnroas gas and brondne will be eliminated. 
Bromine will be readily detected by its yellow color and its 
smell. Bromine may be readily detected by passing a corrent 
of chlorine through tiie fluid, after which ether is added and 
the whole is a^tated. The ether rises to the tqp, carrying 
with it the bromine in solution ; after being withdrawn, this 
ether is mixed with potassa, by which the bromide and bromate 
of potassa are formed. The solution is evaporated to dryness, 
the residue is fused in a platinum vessel, the bromate is decompos- 
ed, whUe the bromide remains; tMs most be distilled with sul- 
phuric acid and the binoxide of manganese. A red or brown 
vapor will then appear, indicating the {»resence of bromine; this 
vapor will color starch paste — ^which may be pnt in the re- 
ceiver on purpose — of a deep orange color. 

If, to a solution containing a bromide, concentrated sulphuric 
or nitric add be added, the bromine is liberated and colors the 
solution yeUow or red. The hypochlorites act in the same 
manner. The bromine salts are coming into use extensively in 
photography, in consequence of their greater sensitiveness to 
the action of light than the chlorides alone. 

(10.) lodime (I). — This element occurs in salt-springs, 
generally comlnned with sodium; it also exists in rock-salt; it 
has likewise been found in sea-water, also in a mineral from 
Mexico, in combination with silver, and in one from Silesia, in 
combination with zinc. As sea-water omtains iodiiw, we would 
consequently expect to find it existing in the sea-weeds, and it 
^ generally from the ashes of these that it is obtained in con>- 
^erce. 
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When the nt^taUie io^des are fased with the microcosmic 
salt and copper, as preTionslj indicated, they impart a green 
odor to the flame. Tl^ color cannot be mistaken for the 
color Imparted to the flame by coj^r alone. When the 
metallic iodideB an fued in a glaes tube, doeed at one end, 
with the iHsnlphate of potaesa, the vapor of iodine is liberated, 
and may be reeognlfeed by its characteristic color. Those min- 
eral waters contalnibg io^ne can be treated the same as for 
bromine, as preyioiisly kdieated, while the violet-colored vapor 
of the iodiae can be easily disoemed. The nitrate of silver is 
tiie best test for iodine, Hie yellow color of the iodide of silver 
beiag not easBy mistaken, while its almost insolubility in am- 
monia will confirm Its identity. The chloride of silver, on the 
contrary, dissolves in aamnonia with the greatest facility. 

The readaoBS of iodine are similar to thoee of bromine with 
concentrated snlphnrie acid and binozlde of manganese, and 
with nitric acid: 1%e iodftae is released and, if the qaantity be 
not too great, colors the fiqnid brown. If there be a consider- 
able quantity of iodine present, it is precipitated as a dark 
colored powder. Either of ttiese, when heated, gives onf the 
violet-color of the iodine. 

With starch paste fre^ io£ne combines, producing a deep 
blue compound. If, however, the iodine be in very minute 
quantity, the color. Instead of bemg blue, will be light violet 
or rose color. 

If to a solution of the sulphate of copper, to which a small 
portion of sulphurous acid has been added, a liquid containing 
iodiae and bromine is poured in, a dirty, white precipitate of 
the subiodide of copper is produced, and the bromine remains 
in the solution. The latter may then be tested for the bromine 
by strong sulphuric acid. 

(11.) Fkunine (Fl). — ^This element exists combined with 
sodium, calcium, lithium, aluminium, magnesium, yttrium, 
and cerium. Fluorine also exists in the enamel of the teeth, 
and in the bones of some animals. This element has a strong 
affinity for hydrogen, and, ther^ore, we find it frequently in 
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the form of hydrofluoric acid. Brazil-wood paper is the most 
delicate test for hydrofluoric acid, which it tinges of a light 
yellow color. Phosphoric acid likewise colors Brazil paper 
yellow, but as this acid is not volatile ^ a heat sufficient to 
examine hydrofluoric acid, thwe can be no mistake. If the 
substance is supposed to contain this acid, it should be placed 
on a slip of glass, and moistened with hydrochloric add, when 
the test paper may be applied, and the characteristic yellow 
color will indicate the presence of the fluorine. 

As hydrofluoric acid acts upon glass, tMs property may be 
used for its detection. The substance may be put into a glass 
tube, and sulphuric acid poured upon it in sufficient quantity 
to moisten it; a slight heat applied to the tube will develop 
the acid, which will act upon the glass of the tube. K the 
acid is reta^it0d-in the mineral by a feeble affinity, and 
water be present, a piece of it may be put in the tube and 
heated, when the acid gas will be eliminated. The test paper 
will indicate its presence, even before it has time to act upon 
the glass. If the temperature be too high, fluosilicic acid is 
generated, and will form a silicious incrustation upon the cool 
portion of the tube. 

If the fluorine is too minute to produce either of the above 
reactions, then the following process, recommended by Flattner, 
should be followed : the assay should be mixed with metaphos- 
phate of soda, formed by heating the microcosmic salt to dull 
redness. The mass must then be placed in an <^n glass tube, 
in such a position that there will be an access of hot air 
from the flame. Thus aqueous hydrofluoric acid is formed, 
which can be recognized by its smell being more sufibcating 
than chlorine, and also by the etchii^ produced by the conden- 
sation of vapor in the tube. Moist Brazil paper, applied to 
the extremity of the tube, will be instantly colored yellow. 

Merlet's method for the detection of this acid is the follow- 
ing : * Pulverize the substance for examination, then triturate 

* Qooted by PUtttaw. 
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it to an impalpable powder, and mix it with an equal part of 
bisalphate of potassa. Heat the masg gradnaUj in a moderately 
wide test-tnbe. The jndiciouB application of heat mnst be 
strictly observed, for if the (operator first heats the part of the 
tube where the assay rests, the whole may be lost on account 
of the glass being shattered. The spurit4ame mnst be first 
applied to the fore part of the tnbe, and then made to recede 
slowly until it fuses the assay. After the mixture has been f<yr 
some time kept in a molten state, the lamp mnst be withdrawn, 
and the part containing the assay seyered with a file. The fore 
part of the tube must then be well washed, and afterwards 
dried with bibulous paper. Should the fluorine contained in 
the substance be appreciable, the glass tube, when held up to 
the light, will be found to hare lost its transparency, and to be 
yery rough to the touch. 

Great care should be observed not to allow this very corrosiye 
acid to come into contact with the skin, as an ulcer will be the 
consequence that will be extremely difficult to heal. 

When hydrofluoric add comes in contact with any silicious 
substance, hydrofluosilidc add gas is always formed. 

(12.) SdemvM (Se). — ^This element occurs in combination 
with lead as the selenide, and with copper as the selenide of 
copper. It exists also combined with cobalt and lead, as the 
selenide of these metals ; also as the selenide of lead and 
mercury. 

The smallest trace of sel^um may be detected by igniting 
a small piece of charcoal in the flame of oxidation, when the 
peculiar and unmistakaUe odor of decayed horse-radish will 
indicate the {nresence of that element. An orange vapor is 
eliminated if the selenium be present in any quantity, while 
there is an incrustation around the assay of a grey color, with 
a metallic lustre. This incrustation frequently presents a red- 
dish-violet color at its exterior edges, often running into a deep 
blue. If a substance containing selenium be placed in a glass 
tube, closed at one end, and submitted to heat, the selenium is 
sublimed, with an orange-colored vapor, and with the charac- 

8* 
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teristic odor of tliat mibstMice. Upon the cool portions of the 
tube a steel-grey snbliiiittte it d^>08ited, and, beyond that, can 
be discerned small crystals of selenic add. If the mineral be 
the seleniferons lead glanoe, salphnrons add gas will be giren 
ofl^ and may be detected by the smell, or by a strq> of moist- 
ened litmus paper. 

If arsenic is present, heating upon duurcoal will qniddy kad 
tfi the detenoination of the one from the other. 



TABtJLAR STJLTSMENT OF THE REACTIONS OF lOKERALS BEFORE THS 

BLOWPIPE. 

In Part Thiri> of this work, commenchig at page 109, the 
student will find a sufficiently explidt description of the blow- 
pipe reactions of those principal substances that would be 
likely to come beneath his attention. The followtng^ tabular 
statement of those reactions— which we take from Scheerer 
and Bhtnford's excellent little work upon the blowpipe-^mll be 
of great benefit, as a rehide for consultation, when the want 
of time—- or during the hurry of an examination — precludes the 
attentiye perusal of the more lengthy descriptions In the text. 

In the examination of minerals, before the student aralbr 
himself of the aid of the blowpipe, he should not neglect to 
examine the specimen rigidly in relation to its physical charao- 
ters, SQch as its hardness, lustre, color, and peculiar crystalliza- 
tion. It is where the difference of two minerals cannot be 
distinguished by theur physical appearance, that the aid of the 
blowpipe comes in most significantly as an auxiliary. Foi* 
instance, the two minerals molybdenite and graphite resemble 
each other very closely, when examined in regard to their 
physical appearance, but the blowpipe will qui^ly discriminate 
them, for if a small piece of the former mineral be placed in 
the flame of oxidation, a bright green cdor win be oommoni- 
cated to the flame beyond it, while in the latter there will be 
no color. Thus, in a very short time, these two minerals can 
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be distiiiguBlied from each other I17 aid of the blowpipe, while 
DO anomit of physical emidBatkm could detemdne that point 
The blowp^ is eqially an in^speiiflable faistrament in the 
detenaiBatioii ai oertain adnefals wfaieh maj exist in others as 
essential or non-essential eonstitiiettts of Aem. For instance, 
shonld a minvte qaaatitf of man^nese be present in a mineral, 
it mnrt be toed with twiee Its bulk of a mixture of two parts 
of carbonate of soda^ aad one part of the nitrate of potassa, in 
the flame of oxidation iq>on pktinam foil. The manganate of 
soda thai femed will color the fosed mass of a bldsh-green 
tint. 

Or a slight qiiaAtify <tf arsenic may be discerned by the fol- 
lowing process recommended by Flattner : * one gndn of the 
finely polyeriied metal is ndxed with six grains of nitrate <^ 
potassa, and slowly heated on the platinum spoon. By this 
meaas the metals are oxidised, whOe the arseniate of potassa is 
obtakied. Then boil the ftised mass in a small quantity of 
water is a porcelain Tessel tiH all the arseniate is dissolved. 
The metallic oxides are allowed to snbslde, and the above 
solution decanted off into another porcelain vessel A few 
drops of sulphuric acid are added, and the solution boiled to 
expel the nitrie add, after which it is evaporated to dryness. 
In this operataon, the sulphiteie add should be added only in 
sdBdent quantity to drive off the nitric add, or, at the utmost, 
to form a bisniphate with the excess of potassa. When dry, 
the salt thus obtained is pdverized in an agate mortar, and 
mixed wfth about three times its volume of oxalate of potassa, 
and a little charcoal powder. The mixture is introduced into 
a glass bidb having a narrow neck, and gently wanned over a 
spirit-lamp in order to drive off the moisture, which must be 
absorbed l^ a piece of blotting-paper in the neck of the bulb. 
After a short time, the temperature is increased to a low red 
heat, at which the arsenlous add is reduced and the metallic 
arsenic sublimed, and which re-condenses in the neck of the 

* Quoted by Scbeertr. 
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balb. If there the arsenic be bo small in quantity as to exhibit 
no metallic lustre, the neck of the bolb may be cat off with a 
file immediately above the sablimate, and the latter exposed to 
the flame of the blowpipe, when the arsenic i& volatilized, and 
may be recognized by its garlic odor. 

If the presence of cadminm is suspected in zinc-blende, it may 
be detected by fusing a small piece of the blende upon duurooal 
in carbonate of soda. The peculiar hrlght yellow sublunate of 
the oxide of cadmium, if it be present, will not fail to indicate 
it. This incrustation can be easily distinguished from that of 
zinc. Thus, with the three illustrations we have given,. the 
student will readily comprehend the great utility of the blow- 
pipe in the examination of minerals. 

Although the following tables were not arranged especially 
for the last part of this work, still this arrangement is so good 
that by their consultation the student will readily ccmprehend 
at a glance what requires some detail to explain, and we feel 
no hesitation in saying that, although they are not very copi- 
ous, they will not fail to impart a vast amount of information, 
if consulted with any degree of carefulness. 

The minerals given are such as are best known to English 
and Americui mineralogists under the names q)ecified. For 
more detailed reactions than could be crowded into a table, the 
student will have to consult the particular substance as treated 
in Fart Third. If this part is perused carefully previous to 
consulting the tables, these will b^ found eminently serviceable 
as a refresher of the memory, and may thus save much time 
and trouble. 

And, finally, we would certainly recommend the student, 
after he shall have gone through our little volume (if he is 
ambitions of making himself a thorough biow^ape analyst), to 
then take up the larger works of Berzelius and Plattner, for 
our treatise pretends to nothing more than a humble intro- 
duction to these more copious and scientific works. 
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t^Bsm 



wm 



JNamond.. 



Chraphite. 



Antlinustto*< 



PocnniUu 



O 



WftllMnd-coal 



Oannri-^oal J. 



Gwiih 
iron, iilioai eta 



C+xft 
and some aah. 



C,H,N,0,S 

andMh. 



C,H,N,0,S 

and ash. 



Brown-coal.. 



Asphaltmn... 



C,H,N,0,S 
and a«h. 



C+H+0. 



Behayior 



in glaaa-bulb. 



Generally giyes off 
water. 



Brolrea water. 



IntanMeoea and 

glTes off water and 
tarry matters which 
partly condense in 
Mb, and leave a 
porous coke. 



on idatinnm tcSi. 



As the preceding, 

but giyes off more 

tar. 



Giyes off much 
water and tar, and 
leaves a porous cin* 
der retaining the 
form of the original 
fragment. 

Fuses with ease 
affording an 



In fine powder is 

slowly consumed 

without residue in 

a strong oxidi&ng 

name. 

Is slowly consumed 

leaving more or 

less ash, principally 

Fe«0». 

Ib slowly consumed 

with the exception 

of a small quantity 

of ash. 

Takes fire under 
blowpipe flame, and 
bums with a smoky 
flame, depositing 
much soot and leav- 
ing a porous cinder 
which bums slowly 
and leaves a small 
ash. 

Similar to the pre- 
ceding. If held to 

the lamp-flame, 
takes fire and bums 

for some seconds. 

Bums slowly and 
without flame, leav- 
ing some ash. 



Takes fire and 
burns with a bright 
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ICiienL 







Ozokerite.. •• 



Amber, 



0+H+O. 



0+H. 



C+H. 



0+H. 



0+H+O. 



Behavior 



IB gliiw bulb. 



empyremiiatic oD 
haying an alkaline 
reaction, and com- 
bustible gases, and 
leares a carbonap 
ceous residue, 

whieh is enlira^ 
oonsnmed under the 
blowpipe flame, ex- 
cept a litde ash. 



and gives off 
water having aa 
add reaction, naph- 
tha and a tarry 
fluid, which chiefly 
in the 

of the bidb, 
and lesiTe a light, 
pnlyieralent, carbo- 
residoe. 



Fuses to a dear co- 
lorless liquid, which 
solidifies on cooling 
and has a tallow- 
like smelL 

Wwea readily to a 

clear brown oily 

fluid, which soli<U- 

fies on cooling. 



on platinum foSL 



Fuses with 
eulty, and affords 
water, an empyreu- 
matic oH, and suc- 
dnic acid which 
condense in the 



flame and a 
smoke. 



Fuses, tilEei- iir% 
and bums with a 
smoky flame, leav- 
ing a carbonaceous 
reddue, which un- 
der Ifae blowpipe 
flame, is quickly 
consimied, with the 
exception of the 
ashes. 

Fuses, takes fire, 
and bums with a 
bright flame until 
entirdjT consumed. 



As the preceding. 



Takes fire and bums 
with a yellow flame 
and a peculiar aro- 
matic odor. 
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ICiMraL 


FofSHik. 


BehftTior 


in gliiH buB). 


on platinmn foiL 


Ambor 

Hemte 


C+H+0. 


neck of the bulb, 

iMTing a ahining 

bUb^ reaadne. 

Giyei off water* If 
heated to redness, 
18 carboaiaed, and 
gives a slight em- 
pyrenmatic odor. 


On charcoal boms 
to a white ash, which 
moistened with ni- 
trate of cobalt and 
heated shows the 
alnmina reaction. 
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POTASH. 



MinenO. 



Nitre. 



Poljhalite .... 



Fommk. 



ts 



+ 20aS + 2E. 



Beharior 



(1) 
in gUuM-bulb. 



Fuses readily 
to a clear li- 
quid and with 
a strong heat 
boils with the 
erolution of 
oxygen. 



Giyes off 
water. 



(2) 
in open tube. 



(«) 
on charooaL 



Deflagrates 
leaving a sa- 
line mass, 
which is ab- 
sorbed into 
charcoal and 
gives a sul- 
phur reaction 
on silver. 

Fuses to a red- 
dish bead, 
which in the 
reducing flame 
solidifies and 
shrinks to a 
hollow crust. 



Befobb the Blowpipx. 

Gontiniiation of page 184» 



185 



in forceps. 



On platinum 

wire fhses and 

colors the 

flame Tiolet 

more or leas 
modified by 

lime and soda. 



On platinum 
wire fuses and 

colors the 
flame yellow 
from a small 

quantity of 
soda. 



BehaTior 



(6) 
in bona. 



Bissolres with 
ebulUtion to a 
clear glass, 
which is 
slightly co- 
lored by iron, 
and when sa- 
turated be- 
comes opaque 
onoooUng. 



inmie. Bah. 



I 



As hi borax. 



0) 
with caib. soda. 



Fuses. The 
alkalies are 
absorbed by 
tiiie charcoal 
leaying the 
lime and mag- 
nesia infosible 
on the surfiaoe. 



(8) 

Spedsl 

reactions. 



With bisul- 

phate of pot- 

assa in the 

gUsB-bulb 

e^ves 

nitrous ftunes. 



Thealkslme 
mass when 
hud on siWer 
gires a sul- 
phur reaction. 
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8 DA. 



MineraL 



FonnvU, 



B • h a T i o r 



(1) 
in gias»4>iilb* 



BockHMtt. 



Natron, 



Soda-nitre •• 



Olavber^alt... 



Olanberite. • • . 



NaO. 



fTaO + 101ft 



tlJt 



tftS + lotL 



fTaS + OaS. 



Foses to a 
clear liquid. 



Fuses with 

the eYolution 

of water. 



Fuses, and if 
strongly heat- 
ed evolves ni- 
trons fumes. 



Fuses and 
sives off water 
having a neu- 
tral reaction. 



Decrepitates 
with the evo- 
lution of more 
or less water, 

and when 
strongly heat- 
ed fuses to a 
clear liquid. 



in <i|^«a tabe. 



(8) 
oncharcoaL 



Fuses, 18 ab- 
sorbed by the 
charcoal and 
partially v<^- 
tilized incrust- 
ing the char- 
coal around. 

Fuses, and is 
absorbed into 
the pores of 
the charcoaL 

Beflagratea 
and is ab- 
sorbed into 
Uie charcoaL 



Fuses, and is 
absorbed by 
the charcoal. 
The saturated 
charcoal laid 
upon silver 
gives the sul- 
phur reaction. 

Fuses to a 

clear bead, 
then spreads 
out ; the soda 

is absorbed 
and the lime 

left on the 
surface. Laid 
on silver, the 

fused mass 
gives a sul- 
phur reaction. 
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80DJL (CoBtiiMMti«i ef page 186.) 



B • h a T i o r 



in liMMpa. 



FoMiwitli 
great eaaeiuid 

Gcte»the 
Haaie yelknr. 



FoMsaadbe- 
havefl at the 



DeflagtateeoB 

plattsunwirey 

coloriiig Ibe 

iame yelloir. 



Fuses and co- 
lors the flame 
yellow* 



Fuses easily 
to a dear 
glass, color- 
ing the flame 
yellow. 



(«) 
fa bono. 



Fuses eadly 
and giyes the 
lime reaction. 



inaiieLMlt 



withcarb.aoda. 



AsinborasL 



Aa alone on 
oharcoaL 



Special 
reactions. 



vires the 
ehlorine reac- 
tions. 



DisBolTes in 
adds with 

▼iolent elTer- 
rescence. 

In a glass-bulb 

with bisul- 
phate of pot- 
■ssa, giyes the 
NO*-reaction. 



Gires the 
80*-reaction. 



As in the pre- 
ceding. 
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Behatiob of Minbbalb 



SODA« (GontumAtion of page 187.) 



MincraL 



Borax. 



Cryolite. 



Formula. 



fTafi^+lOfi. 



SNaFl+Al'Fl'. 



BehaTior 



(1) 

ia ^asB-balb. 



Intumesces 
with the eyo- 
lution of wa- 
ter, and under 
a strong heat 
fuses. 

Decrepitates 

slightly and 

giyes a trace 

of water. 



(«) 
in open tube. 



(») 

onehareoaL 



If heated so 
that the flame 
be allowed to 
play up the 
tube upon the 
mineral, fluo- 
rine is evolv- 
ed, which cor- 
rodes the in- 
terior of the 
tube. 



Intumesces 
and ftises to a 

clear bead 
more or less 

colored by 

impurities. 

Fuses to a lim- 
pid bead, which 
on cooling be- 
comes a white 

enamel. If 

heated for 
some time, it 
bubbles, gives 

off fluorine 
and becomes 

infusible. 
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SODA. (CoBtinitttioa ef puge 188.) 







B •h a 


T i r 




(«) 
Special 














w 


(«) 


(«) 


P) 


reactions. 




IB foiceps. 


in borax. 


oi Biio. nit* 


with carb. soda. 






Am oa oliar- 






Fuses «o a 


OiTesthe 




coal. 






dear bead, 
which be- 
comes crys- 
talline on 
cooling. 


boracic-acid- 
reaction. 




Fuses, color- 


DiBsolves to a 


As in borax. 


Fuses toa 


If the alumina 




ing the flame 


clear bead, 




clear bead. 


residue ob- 




yellow. 


which 18 ren- 




then spreads 


tained be 






dered opaque 




out on the 


moistened with 






by a large 




charcoal, the 


cobalt solution 






addition. 




soda is ab- 
sorbed, and an 
infusible mass 

of alumina 


and heated 

strongly, it 

assumes a 

beautiful blue 






r 




remains. 


color. 
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BXBAVIOB OF MlNSBALS 



BABTTA AN0 STBONTIA. 



IfineraL 



He»TJ-«p49... 



Oeleetine 



Witherite . . . . 



Strontianite... 



Barytomldte.. 



Formula. 



^bA 






&iOL 



M. 



fiaO+OaO. 



B • k a T i o r 



0) 



SomeUmes 

decrepitates 

and giTes off 

more or less 

water. 



Decrepitates 

more or less 

and evolyes 

water. 



Becomes 
opaque. 



As the pre- 
ceding. 



W 
in open tabe. 



W 
onduurcoaL 



Fwes in tbe 

reducing 
flame. 



Fuses to a 

milk-white 

bead. 



Fuses, effer- 
vesces, and is 
partially ab- 
sorbed by the 
charcoal 



As in the for- 
ceps. 



In powder 

frits together, 

but does not 

fuse. 
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BARYTA AND STBONTIA. (Gontiniiation of page 190.) 



BehftTior 



(4) 
in forcepB. 



Fuses with 

difficulty on 

edgea Colors 

the outer flame 

green. In the 

reducing flame 

forms BaS, 

which fuses * 

readily. 



Colors the 
flame crimson. 



Colors the 

outer flame 

intensely 

green. 



Exfoliates 
and becomes 
arborescent. 
The fllaments 
glow brilliantly 
and fuse on the 
point. Colors 
the flame bril- 
liantly crim- 
son. 

Colors the 

flame green in 

the centre and 

red towards 

the point. 



(6) 
In borax. 



Giyes the 

baryta-reao- 

tion. 



Gives the 

strontia>reao- 

tion. 



DissolTes with 

efTerrescence 

and gives the 

baryta-reae- 

tion. 



Resembles the 
preceding. 



Dissolves with 
effervescence. 
In large quan- 
tity gives a 
semi-crystal- 
line bead. 



(«) 

inmic. salt 



As in borax. 



As in borax. 



As in borax. 



As in borax. 



As in borax, 
but the satu- 
rated bead is 
milk-white. 



0) 

with carb. soda. 



Puses loa 
clear bead ; 
then spreads 
out and is ab- 
sorbed into 
the charcoal 

The fused 

mass laid on 

silver, gives 

the S-reac- 

tion. 

Similar to the 
preceding. 



Fuses to a 

dear bead; 

then spreadis 

out and passes 

into the char- 

Qoal* 

• 

As the pre- 
ceding. 



Fuses, and is 
partially ab- 
sorbed leaving 
the lime on 
the surface. 



(8) 

Special 

reactions. 



If fused with 
potassa on pla- 
tinum, gives 
the SO'-reao- 
tion. 



Sunilartoth* 
preceding. 



In dilute HCI 
dissolves with 
much effer- 
vescence. 



As the pre- 
ceding. 



Aa witherite. 
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Behaviob of Minebalb 



LIME. 



MineraL 



Gypsum 



Apatite 



Formula. 



0aB + 2fi. 



Pharmaoolite.. 



Galcspar 



Caj?+80.«1 



Behayior 



(1) 
in glaas-bolb. 



Ca^ls + efi. 



CaO. 



Tarns white, 
giving off wa- 
ter and being 
converted into 
plaster of 
Paris. 



Occasionally 

decrepitates 

and gives off 

some water. 



Gives off wa- 
ter, and emits 
an arsenical 
odor. 



Turns white 
and sometimes 

decrepitates. 
Strongly heat- 
ed loses GO* 
and becomes 
caustic. 



in open tube. 



(8) 
on charcoaL 



In the redncing 

flame forms 
CaS, which has 
an alkaline re- 
action on test 
paper, and 
gives a sul- 
phur-reaction 
when laid on 
silver and 
moistened. 



Fuses to an 
opaque bead 
and emits a 
strong smell 
of arsenic 



Turns white, 
or brown if 
containing 
much iron or 
manganese, 
and glows 
brilliantly. 
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LIME. (Continuation of page 192.) 



Behavior 



(4) 
in forceps. 



Fuses with 
difficalty to a 
bead, coloring 
the flame red. 



IV. 

Previously 

dipped in SO* 

colors the 

flame green, 

afterwards 

red. 



I Fuses to a 
I translucent 

violet colored 
bead, the color 
; being due to 
I cobalt Colors 
' the flame blue 

at first, then 
faintly red. 

Glows bril- 
liantly, color- 
ing the flame 
red. Becomes 

caustic and 

shows a strong 

alkaline reac- 

tion. 



(6) 
in borax. 



Dissolves to a 
clear bead, 
which gives 

the lime-reac- 
tion. 



(6) 
in mic. salt. 



Dissolves easily 
and when in 
some quantity 
gives an opa- 
line bead. 



Dissolves 
readily to a 
bead strongly 
colored by 
cobalt, which 
obscures the 
lime-reaction. 



Dissolves with 

evolution of 

CO' and when 

pure gives the 

lime- reaction. 

The bead is 

generally more 

or less colored 

by iron and 

manganese. 



As in borax. 



Oives the 
lime-reaction. 



As in borax. 



As in borax. 



a) 

with carb. soda. 



Behaves as 
lime. The 
alkaline ma^s 
laid on silver 
and moistened 
gives the sul- 
phur-reaction. 



Is infusible. 

The alkali is 
absorbed, leav- 
ing the lime 
on the surface 

of the char- 
coal. 



Fuses, and 
emits a!s. The 
alkali is then 
absorbed by 
the charcofU, 
as in the pre- 
ceding. 



Fuses, and be- 
haves as other 
lime-salts. 



K9i 



(8) 

Special 

reactions. 



Gives the 
sulphuric- 
acid-reaction. 



With micro- 
cosmic salt and 
oxide of cop- 
per, gives the 
chlorine-reac- 
tion. With 
microcosmic 
salt in the open 
tube evolves 
fluorine. 



Dissolves with 

effervescence 

m cold HCL 



194 



Behayiob of Minbbalb 



UME. (ContiBiiation of page 198.) 







B e h a ▼ i ] 


• 




Mineral. 


Formula. 










(1) 


(a) 


(8) 








in glass-bulb. 


in open tube. 


on charooaL 




Fluorspar 


CaFL 


Phosphoresces 




Fuses easily to 








with various 
colors, when 




a clear bead, 
which becomes 








heated in the 
dark. Some- 
times decre- 




opaque on 
cooling, then 
loses fluorine, 






• 


pitates and 


" 


glows brilli- 








gives a trace 




antly and be- 








of water. Be- 




comes infusi- 








comes opales- 




ble. 








cent 
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UHE. (Continixation of page 194) 





Behavior 


(8) 

Special 

reactions. 




(4) 
in forceps. 


(6) 
in borax. 


(«) 

ininio. salt. 


il) 
with carb. soda. 




Afl on char- 
coal Colors 
the flame red. 


Gives the 
lime-reaction. 


Atinbonz. 


Fnses to a 
clear bead, 
opaque on 
cooling. With 
an adStion of 
the alkali be- 
haves as lime. 


With micro- 
cosmic salt in 
open tube gives 

the -fluorine- 
reaction. 
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Bbhaviob of Minerals 



MAGNESIA. 



Mineral. 



Bnicite 



Epsomite, 



Boncite 



Magnesite . . . . 



Formula. 



ftgfir. 



SgS + 7 A 



]kgfi*+^ftgB 



StgO. 



Behavior 



(1) 

in glass-bulb. 



Eyolves Water. 



Evolves water 

having an 
acid reaction 
on test paper. 



Occasionally 

gives off a 

trace of 

water. 



Sometimes 

gives off a 

small quantity 

of water. 



(2) 
in open tube. 



(«) 

on charcoaL 



Gives off HO 
and SO', shines 
brilliantly, and 
becomes alka- 
line and caus- 
tic 



Fuses with 

intumescence 

to a white 

crystalline 

bead. ' 



Is infusible. 
With cobalt- 
solution, as- 
sumes a dusky 
flesh tint. 
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MAGNESIA. (Coiitinuation of page 196.) 



Behavior 



(4) 
in forcepB. 



v. 



V. 

As on char- 
coal. 



I. 
As on char- 
coal. Colors 
the flame 
green. 



(6) 
in borax. 



Behayes as 

magnesia. 

Sometimes 

gives a faint 

iron-reaction. 

Behaves as 
magnesia. 



Fuses easily to 
a clear bead, 
which is crys- 
talline, when 

containing 
much of the 
mineral, and 

is usually 

slightly tinted 

by iron. 



Behaves as 

magnesia. 

Sometimes 

gives a slight 

iron-reaction. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As in borax. 



As in borax. 



with carb. soda. 



Behaves as 
magnesia. 



The alkali is 
absorbed leav- 
ing the mag- 
nesia on the 
surface of the 

charcoal. 
Gives the .sul- 
phur-reaction 

on silver. 



With a small 
quantity of al- 
kali fuses to 
a clear bead 
crystalline on 
cooling. With 
a larger quan- 
tity gives a 
clear uncrys- 
tallizable 
bead. 

Fuses to a 
bead, the soda 
is then ab- 
sorbed, leaving 
an infusible 
mass of mag- 
nesia. 



(8) 

Special 

reactions. 



With nitrate 
of cobalt, gives 
the magnesia- 
reaction. 



The magne- 
sian residue 
obtained on 
treating with 
carbonate of 
soda (7), as- 
sumes a flesh- 
tint, when 
treated with 
cobalt. 



The magne- 
sian residue 
obtained by 
fusing with 
carbonate of 
soda gives the 

magnesian- 
reaction with 

nitrate of 
cobalt. Dis- 
solves with 
eflfervescence 
in warm HCl. 
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Behavior of Minbbals 



MAGNESIA. (CmitiniiAtion of page 197.) 



MinenL 


Formula. 


BehaTior 




(1) 
in glass-bulb. 


in open tube. 


(8) 
on charcoaL 




Meaitine spar. . 


(iigteibk)0. 


Asmagnente. 




Is infusible. 

Assumes a 

deep brown 

color. 
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MAGNESIA. (Oontinnaaon of page 198.) 





BehaTior 


(8) 

Special 
reactions. 




in forceps. 


in borax. 


(«) 

in mic. salt. 


0) 

with oarb. soda. 




V. 


GiYes the 
iron and 
manganese- 
reaction. 


Ab in borax. 


Aamagneate, 
bat the resi- 
dual mass has 
a dark color 
from iron and 
manganese. 


DiflSolTeswith 
efFeryescence 
in warm HCl. 
With carbo- 
nate of soda 
and nitre girea 
a manganese- 
reaction. 
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BehAVIOK of MlN£fiALB 



Mineral 



Sapphire ) 
Gorundam V . . 
Emery ) 



Websterite . , . 



Kative Alum. . 



Turquoise . . . . 



ALUMINA. 



Formula. 



£1. 



XlS + Qfi. 



+ 24H. 



ati'P + 6fi. 



Behavior 



(1) 

in glass-bulb. 



Gives oflf water, 

and, when 
heated to inci- 
pient redness, 
sulphurous 
acid. 



Intumesces 

greatly and 
gives off much 
water. Strong* 

ly heated, 

evolves SO*, 

which reddens 

litmus. 



Evolves water, 

occasionally 

decrepitates 

and turns 

black. 



(2) 
in open tube. 



(3) 
on charcoal. 



Gives off wa- 
ter and S0», 
leaving an in- 
fusible mass. 



Intumesces 

and becomes 

infusible. 



Turns brown, 

but reiiiHiii^s 

infusible. 
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ALUMINA. (Continuation of page 200.) 



Behayior 



(4) 
in forceps. 



V. 



V. 



7. 

Oolors the 

flame yiolet 

if a potassa 

alum — ^yellow 

if soda — be 

present 



Y. 

As on char- 
coal. Colors 

the outer 
flame green. 



(8) 
in borax. 



In fine powder 

dissolves 

slowly to a 

colorfess 



Behares as 
alumina. 



Biflsolvefl and 
gives the iron 

and manga- 
nese reaction, 
if th^se oxides 

be present 
Otherwise the 
bead is color- 
less. 



In the oxidiz- 
ing flame, gives 
a green bead, 
due to copper 
and iron. In 
reducing flame, 
opaque red. 



(6) 
inmio. salt 



AainbiMrftz. 



Aa in borax. 



As in borax. 



^Ab in borax. 



with carb. soda. 



Tields an in- 
fusible mass, 
which laid on 
silver and 
moistened, 
produces a 
black stain. 



The alkali is 
absorbed into 
the charcoal, 
leaving an in- 
fusible mass, 
which gives 
the sulphur 
reaction on 
silver. 



Intomesces, 
then fuses to 
a semi-clear 
glass colored 
by iron. With 
more alkali, 
yields an in- 
fusible mass. 



(8) 

Special 

reactions. 



In fine pow- 
der moistened 
with cobalt- 
solution and 
heated as- 
sumes a blue 
color. 



Fused with 
potassain pla- 
tinum has no 
action on sil- 
ver. Cobalt- 
solution pro- 
duces the alu- 
mina reaction. 



If not contain- 
ing much iron 
or manganese, 
gives an allu- 
mina reaction 
with nitrate 
of cobalt. In 
other respects 
as the preced- 
ing. 



Gives the 
phosphoric- 
acid reaction. 



9* 
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BicHATioB OF Minerals 





ALUMINA. 


, (Continuation of page 201.) 

• 






MineraL 


Formula. 


Behavior 




<1> 
in glaas-bulb. 


(2) 
in open tube. 


(8) 
on charcoaL 




WaTellite 

Spinel 


AlF»+8(3tl*1?» 


Evolves water 
and some fluo- 
rine, which at- 
tacks the glass. 


> 


Exfoliates and 
turns white. 
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ALUMINA. (Continuation of page 202.) 





Beharior 


(8) 
Special 














(4) 


(6) 


(6) 


0) 


reactions. 




in forceps. 


in borax. 


in mic. salt. 


with carb. soda. 






V. 


As alumina. 


As in borax. 


Forms an in- 


With cobalt- 




As on char- 


Generally gives 




fusible white 


solution on 




coal. Colors 


also a slight 






charcoal gives 




the outer 


iron reaction. 






the alumina 




flame green, 








reaction. 




especially if 












moistened 












with SO*. 












V. 


Gives a slight 


As in borax. 


Fuses partially 


With nitrate 






iron reaction. 




and forms a 
porous mass. 


of cobalt gives 

the alumina 

reaction. 

With nitre 
and carbonate 
of soda a slight 

manganese 










t 


reaction. 



804 BSHAYIOS OF MiNBBALS 

SILICATES. 

The fireeeiioe of aOica in a mineral can easilj be ascertained 
by treating a small fragment in a bead of microcosmic salt. 
The bases will dissolTC ont with more or less difficulty in the 
salty and the silica bdng insolnble will remain suspended in the 
beady retaining the inriginal form of the fragment. In borax, 
the silicates of lime and magnesia generally dissolye with con- 
siderable ease, bnt those of alumina slowly and with difficulty. 
The silicates of lime are moreover frequently characterized by 
intumescence or ebullition, when heated in the forceps in the 
blowpipe flame. The minerals presenting this character are 
marked in the table. As the most conyenient mode of classi- 
fying the silicates for blowpipe ezaminationy the following 
arrangement will be adopted : 

TABLE L—ANHTBROUS SILiaATE& 
TABLE n.~.HTDROUS SILICATES. 

FUSIBILITT. 

I. Readily fusible to a bead. 
IL With difficulty fusible to a bead, 
m. Readily fusible on the edges. 
lY. With difficulty fusible on the edges, 
y. Infusible. 

a. Afford a fluid bead with carbonate of soda. 

b. Afford a fluid bead with but little of that salt, but with 

a larger quantity a slaggy mass, 
c Affi>rd a slaggy mass only. 

This classification of minerals, according to their fdsibility 
and their behavior with carbonate of soda, was originally 
proposed by BerzeUus, and a table of the principal oxidized 
minerals arranged according to these characters is given in his 
handbook of the blowpipe, and thence adopted, with some 
alterations by PloMner, in the very excellent and detailed work 
already many times cited. In the following general table I., 
the more important silicates only are included, and in table 11. 
are enumerated in alphabetical order those which afford cha- 
racteristic reactions. 
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TABLE I. 



Anhydrons Silicates. 



Fas. alone 






■ 


and with 


HineraL 


Formula. 




SaO. 




w 




La. 


Axinite < 


(Oaag)«(BSi)"+(XlJ?e»u)« I 

(SiB) f 


Int 




Elaolite 


(£:]^a)'Si + 8£lSi 


Int 




Gramet 


fe>Si+»Si 






Oligoclase 


SaSi + &Si« 






Scapolite 


(Oa5ra)»gi« + 2XlSi 


Int 


. 


Spodumene 


(Li^a)*gi«+4ilSi« 


Int. 


b. 


Asbestos to II 


As Hornblende 






Augite some Tar 


(6a%^e]S[n)> Si« 


Int. 




EpidotetoIII 


(Oa^e)* Si + 2(SlPeSn)5i 


Int. 




Hornblende some var. 


(Oa&gfe)* + (SiXl)" 


Int. 




Sodalite to III. 


Jra> Si + 8*lSi 4- NaOl 


Int 




Yesuvian 


8(Ca]5[g)»5i + 2(*l'ie)Si 


Int 


c 


Biaxial Mica to III. . . 


fe5i4.4(*lPe)Si 






Hauyne 


(4Sa)»Si + 8ilSi+Sa5i 






Tourmaline to V 


(ftRB)* Si" 


Int 


IT. a. 


Labradorite 


(CaSafi:)gi + (ilfe)Si 






Lepidolite 


(KNaL)F+(SlPe)Si«f 






Ryacolite 


£:Si + £lSi« 






Albite 


]^aSi + £lSi' 




b. 


Augite some v^r. . . . 


ft*Si« 






Aetinolite 


(CaAgf'e)* Si" 


Int 




Diopside 


(Caftg)» Si' 






Humboltilite 


2(Oa]Srg]5ra^)Si 4- (3tl3Pe)5i 






Sahlite 


As Augite 






Tremolite 


(Oa]S[g)*Si' 




c. 


Pyrope* 


(Caftg^e)' Si + XlSi + mCr ? 
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Behavior of Minerals 



Fu8. alone 
and with 

JTaC. 



in. a. 



b. 



c. 

IV. a. 

b. 

0. 

V. a. 
b. 

c. 



Mineral. 



Anorthite 

N^pheline 

Obsidian* 

Orthoclase 

Petalite 

Pumice 

Gradolinite to V. 

Nephrite 

Wollastonite 

lolite 

Beryl 

DiaDage 

Hyperatiiene 

Fuchsite 

Leucite 

GhondrodUte 

Olivine 

Audalusite 

Chrysoberyl 

Eaynite 

Pycnite J 

Topaz S 

Zircon 

Staurolite 



Formula. 



(Oa&g^alS:)* Si + 3c£ll^e)3i 
(*afeCa)« gi + 25lSi 
5i,il,Pe,^e,0a]SraS 
(fiSra)Si + *l§i» 
(ti:&a)»5i* + 4*lSi* 
Si,il,Ca,fi;Sa,a 

(YCeLa*eCa)« Si 
(OaAgi^ej^Si'? 
Ca»Si» 
(]S[gl5'e)»§i«-f 8*l5i 

Be5i» + ilSi* 
(CaAgJe)" (Siil)« 
(ia[g]e'e)»Si« 
(t*5i)» + 9(ilSr)»Si« 

t'Si« + ilSi« 
(]ilg,MgF)* (SiSiF») 
<]fi[gte6a)»gi 
(Slf e)' Si« 
Be + 3bl 
*l»Si» 

eXl" Si*+(8XlF«4-2SiF»j 

ZrSi 
(£]9e)*9i 



Int. 



Int. 



Int. 
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Hydrons Silicates. 



Fu8. alone 




• 




and with 


MineraL 


Formnla. 




fraa 








La. 


Analcime 


Sa»gi« + 8ilSi«+6S 

( t,KF) (gi,SiF»)+ eCaSi +16B 


Int 




Apophyllite 


Int. 




Brewsterite 


(Srfia)Si + il5i' + 6fi 


Int. 




Chabasite 


(Ca,]S-a,t)« Bi'+ 8XlSi» + ISfl 


Int 




Lapis Lazuli 


Si,S,3a,Fe,Ca,Sra,fi 






Laamonite 


Ca»gi«4-8afcl5i' + 12fi 


Int. 




Mesotjpe 


{]5faCa)5i + SlSi4-8l6t 


Int. 




Natrolite 


Sagi + 5lSi + 2S 


Int 




Prehnite 


Ca*§i+3tlgi + fl 


Int 




Scolezite 


Cagi+agi + sH 


Int 




Thomsonite 


(CaSa)»gi + 8ilSi+'7fl 


Int 




Datholite 


2(3a»gi + B»gi' + 8fl 


Int. 




Heulandite 


Cagi+ilgi« + 6fl 


Int. 




Stilbite 


Cagi + ilgi> + 6fi 


Int 


b. 


Okenite 


0a«gi* + 6fl 

(eaSfa)*gi>+^ 

2]8[g«Si" + Xlgi + 10or6fi 


Int. 




Pectolite 




c. 


Saponite 




n. a. 


Antrimolite 


8(Ca&)gi + 6ilgi4-16tt 






Hannatome 


6agi + ilg« + 6fl 




b. 


Breyicite 


STaSi + Xlgi + 2fl 






Orthite 


ft»gi + »gi + (flf) 

gi,5l,Pe,*gSra,M 
]Si[g»gi» + 2fi 


Int. 


hl c 


Pit<?hiirto»ift T - 






Talc to V. 






Chlorite 


ZCfUgfe)' gi +{5lPe)« gi +9fi 






I^te 


gi,3fcl,Fe,&,lSrg,fl 
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Behavios of Minesals 



Fas. alone 
and with 

fraO. 



IV. a. 

0. 



V. a. 



MineraL 

Steatite 

Gilbertite 

MeerachauQ. . . 
Serpentine . . . . 

GiBmondine • . . 



Foimnla. 



5i,3fcl,S'e,Ag,ft 

ftgSi 4- S 
fig* Si* + 65 

(0afc)«Si + 2SlSi + 9fi 



Int 



Befosb thk Blowpipe. 
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TABLE H. 



Analcime . . 



Andalusite . , 

Apophyllite. 
Axinite ... 



Beryl 



Chabasite.. . 
Cbondrodite 



Ghrysoberyl . 

Datholite . . . 
Diallage.... 
Fuchsite .... 

Gadolinite . . 



Hau jne . . . . 



Hyperstbene 
Evanite . . . . 



If transparent becomes white and opaque when heated, but 
on incipient fosion resumes its transparency and then 
fuses to a clear glass. 

When powdered and treated with cobalt solution on char- 
coal, assumes a blue color. 

Fuses to a frothy white glass. 

Imparts a green color to the blowpipe flame, owing to the 
presence of boracic acid. This reaction is especially dis- 
tinct, if the mineral be previously mixed with fluorspar 
and bisulphate of potassa. 

Sometimes gives a chromium reaction in borax and micro- 
cosmic salt 

Fuses to a white enamel. 

Evolves fluorine in the glass tube, both when heated alone 
and with microcosmic salt. It sometimes also gives off a 
trace of water. 

Is unattacked by carbonate of soda. With nitrate of 
cobalt on charcoal the finely powdered mineral assumes a 
blue color. 

Fuses to a clear glass and colors the flame green. 

Frequently gives off water in small quantity. 

Gives tiie chromium reaction with borax and microcoemio 

salt. 

That from Hitteroe, if heated in a partially covered plati- 
num spoon to low redness, glows suddenly and bril- 
liantly. 

Affords the sulphur reaction both on charcoal and when 
fused with potassa. It contains both sulphur and sul- 
phuric acid. 

As Diallage. 

As Andalusite. 
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Behavior of Minerals 



Lapis Lazuli 

Laumonite . . 
Lepidolite... 

Leucite . . . . 
Meenchaiim 



Okenite. 
Oliyine . 



Peotdite. . . 
Petalite.... 
Prehnite .. 
Pycnite.... 



Pyrope 



Sooledte. . . 
Scapolite . . 



Sodalite... 



Fuses to a white glass, and when treated with carbonate of 
soda on charcoal, gives the sulphur reaction on silver. 

When strongly heated, exfoliates and curls up. 

Colors the blowpipe flame crimson, from lithia ; also gives 
the fluorine reaction with microcosmic salt. 

Some varieties, when treated with cobalt solution, assume a 
blue color. 

In the glass bulb frequently blackens and evolves an empy- 
reumatic odor due to organic matter. When this is 
burnt ofE^ it again becomes white, and if moistened with 
nitrate of cobalt solution and heated, assumes a pink 
color. 

Behaves as Apophyllite. 

Some varieties give ofT flaorine, when fiised with mieio- 
oosmicsalt. 

^milar to Apophyllite. 

Imparts a slight crimson color to the flame, like Lepidolite. 

As Chabasite. 

Assumes a blue color, when treated with nitrate of cobalt 
Gives the fluorine reaction with microcoemic salt 

Gives the chromium reaction with borax and microcosmic 
salt 

Similar to Laumonite, but more marked. 

Occasionally contams a small quantity of lithia, and colon 
the flame red when fused with fluorspar and bisulphate 
of potaasa. 

If mixed with one-fifth its volume of oxide of copper, 
moistened to make the mixture cohere, and a small por- 
tion placed upon charcoal and heated with the blue oxi- 
diang flame, the outer flame will be colored intenselj 
blue from chloride of copper. 



Befobe the Blowpipe 
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Spodmnene 

StUbite 

Topaz 

Tourmaline 

WoUastonite 
ZSrcon 



When not too stronglj heated, colon the blowpipe flame 
red, when more strongly, jeUow. 

As Chabasite. 

When heated, remaias dear. Otherwise u Pycnite. 

Gives the boracic acid reaction with flourspar and bisul- 
phate of potassa. 

Ck)lors the blowpipe flame faintly red from lime. 

The colored varieties become white or colorless and trans- 
parent, when heated. Is only slightly attacked by car- 
bonate of soda. 



S12 



Behayiob of Minebalb 



U B A N I U H . 



MineraL 



Formula. 



Pitchblende... 



easentially. 



Ur&iiittm Qchre 



Uranite 



^fl». 



(Ca-f-^)P 



Chalcolite . , • . 






Behayior 



(1) 
in glaas-bnlb. 



EyoItcs some 

water and a 

small quantity 

of sulphar, 

sulphide of 

arsenic and 

metallic 

arsenic. 



Eyolyes water 

and assumes a 

red color. 



Evolves water 

and becomes 

yellow and 

opaque. 



As uranite. 



(2) 
in open tube. 



Evolves SO* 

and a white 

sublimate of 

arsenious acid. 



(8) 
on charcoal. 



Gives off arse- 
nical fumes. 



V. 

In reducing 
flame assumes 
a green color. 

Fuses with in- 
tiunescence to 
a black bead 
having a semi- 
crystalline 
surface. 

As uranite. 



Befobe the Blowpipe. 



213 



URANIUM. (Continuation of p. 212.) 



BehaTior 



(4) 
in forceps. 



in. 

Colors the 
flame blue be- 
yond the assay, 
owing to the 
presence of Pb. 
Sometimes also 
green towards 
the point, due 
to Cn. 



As uranite. 



(6) 
in borax. 



The roasted 

mineral affords 

the uranium 

reaction. 



Gives the 
uranium 
reaction. 



Giyes the 
uranium 
reaction. 



In the oxidiz- 
ing flame gives 
a green bead, 
which in the 
reducing flame 
becomes of an 
opaque rted, 
from Cu. 



(6) 
in mic. salt 



As borax. 

Also a small 

residue of 

silica. 



As in borax. 



As in borax. 



As in borax. 



(V) 
with carb. soda. 



Infusible. Af- 
fords the cha- 
racteristic Pb 
incrustation, 
and sometimes 
yields minute 
particles of Cu. 



Forms an in- 
fusible yellow 
dag. 



In reducing 

flame yields a 

metallic bead 

of Cu. 



(8) 

Special 

reactions. 



Gives the P0» 
reaction. 



As uranite. 
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BsHAYioB OP Minerals 



IRON. 



Behavior 



lOneral. 



Formula. 



Iron pjrites., 



FeS». 



(1) 
m glass-bulb. 



MagneUc ) 
pyrites ) 



Qives a con- 
siderable yel- 
low sublimate 

of sulphur, 
and sometimes 

sulphide of 
arsenic. AJso 



ie*9e. 



Mispickel. 



/ 



FeAs+FeS'. 



Magnetic 
iron ore 



[.,. 



Specuhtr iron. . ) 
Red haematite. ) 



Fe'O*. 



A red subli- 
mate of AsS" 
is first formed 
and then a 
black subli- 
mate of metal- 
lic arsenic. 



FeW 



(2) (8) 

in open tube, on charcoal. 



Sulphurous 
acid and some- 
times arse- 
nious acid 
are evolved. 



Evolves sul- 
phurous acid. 



Sulphurous and 
arsenious acids 
are evolved, 
the latter 
forming a 
white subli- 
mate. 



Gives off some 
sulphur, which 
bums with a 
blue flame. 
Residue fuses 
to a magnetic 
bead. 



Fuses to a 
magnetic bead 
black on the 
surface, and 
with a yellow 
shining frac- 
ture. 

Gives off much 
arsenic form- 
ing a white 
incrustation 
and fuses to 
a magnetic 
globule. 



Before the Blowpipe. 
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ntON. (Continuation of page 214.) 



Behavior 



in forceps. 



(6) 
in borax. 



(6) 
inmic. salt 



^e roasted 

mineral gives 

a strong iron 

reaction. 



As iron pyrites. 



with carb. soda. 



Ab in borax. 



As in borax. 



As iron pyrites. 



Fuses to a 
black mass, 
which spreads 
out on char- 
coal and gives 
the sulphur 
reaction on 
silver. 



As iron pyrites. 



As in borax. 



As iron pyrites. 



In the blue 
flame, fuses 
, on edges and 
' remains mag- 
netic. 

V. 

; In the blue 
flame is con- 
verted into 
^V0^ and 
then behaves 
Rri the pre- 
ceding. 



Gives the iron 
reaction. 



As magnetic 
iron ore. 



As in borax. 



As in borax. 






(8) 

Special 

reactions. 
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Bkhaviob of Minebals 



IROX. (Continuation of page 215.) 





Formula. 


Behavior 


Mineral 


(1) 

in glass-bulb. 


(2) 
in open tube. 


(8) 
on charcoaL 


Gothite 


Pe^. 


Evolves water. 


— 


— 


Frauklinite . . . 


(l^e^nAn) 
(Fe»n). 




• 

• 


Forms a white 
incrustation 
on the char- 
coal, which 
moistened 
with cobalt 
solution as- 
sumes a green 
color. 


nmeidte.. .;.. 


5i and Pe. 








Chromic iron . 


JeSp. 


— 


— 


— 


Lierrite 


3(:e'eCa)>Si 
+2Pegi. 


Occasionally 

gives off some 

water and 

turns black. 


— 


Fuses to a 

black globule, 

which in the 

reducing flame 

becomes 

magnetic. 


Chloropal 


PeSi« 4- 3fl. 


Decrepitates 

more or less, 

gives off much 

water and 

turns black. 




^^■■1 



K 



Befoke the Blowpipe. 
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IBON. (Condnuatioa of page 216.) 



Behavior 



(4) 
in forceps. 



As specular 
iron. 

V. 

In the blue 
flame fuses 

on edges 
and becomes 

magnetic. 



V. 

In reducing 
flame fuses on 
edges and be- 
comes mag- 
netic. 



As the pre- 
ceding. 



I. 

In reducing 

flame is 

magnetic. 



V. 

Loses color 

and turns 

black. 



(8) 
in borax. 



As specular 
iron. 

Gives the iron 
and manga- 
nese reaction. 



Gives the iron 
reaction. 



(6) 
in mic. salt. 



Ab in borax. 



As in borax. 



with carb. soda. 



Dissolves 

slowly and 

gives the 

chromium 

reaction. 



Gives the iron 
reaction. 



In oxidizing 
flame exhibits 
the iron reac- 
tion. In re- 
ducing flame 
assumes a deep 
brownish red 
color. 

As in borax. 



AiTords a con 
siderable white 
incrustation of 
ZnO. 



Gives the iron 
and silica re- 
actions. 



Gives the iron 
reaction. 



Gives the iron 

and silica re- 

actious. 



10 



On platinum 
foil with nitre 
and carbonate 
of soda affords 
a yellow mass 
of chromate 
of potassa. 

Fuses to a 

black opaque 

bead. 



Fuses to a 
transparent 
green glass. 



(8) 

Special 

reactions. 



Gives a strong 

manganese 

reaction with 

nitre and vi. \ - 

bonate of i^u Ja. 



Generally gives 

the manganese 

reaction with 

nitre and cnr- 

bonatc of soda. 
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Behaviok of Mineeals 



IRON. (Continuation of page 217) 



Mineral 



Formula. 



Green, earth 



Si,*e,il,Sa, 
k,fi, etc. 



Siderite 



Copperas 



teO, 



i'eS+'?a. 



Vivianite 



:^e'P + 8fi. 



Behavior 



(1) 

in glass-bulb. 



Gires off water 

and becomes 

darker in 

color. 



Occasionally 

decrepitates. 

Gives off CO* 

and turns 

black and 

magnetic. 



Gives off wa- 
ter, and, when 
strongly heat- 
ed, S0« and 
SO", which 
redden litmus 
paper. 



Gives off 
water. 



(2) 
in open tube. 



Evolves water 

and S0», 

which may be 

recognized by 

its odor. 



(3) 
on charcoal. 



As in glass 
bulb. 



Loses water 
and SO*, and 
is converted 

mto 9e. 



Froths up and 
then fuses to 
a grey metal- 
lic bead. 



BSFOBB THE BlOWPIPS 
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IBOK. (Continuation of page 218.) 



Bebarior 



(4) 
in forceps. 



V. 

In reducing 
flame fuses on 
edges and co- 
lors the outer 
flame yellow 
(Sfa) or violet 
(fe). 



Behaves simi- 
larly to the 
magnetic 
oxide. 



Gives off H 
and S0^ and 
then behaves 
as the magne- 
tic oxide. 



As on char- 
coal. Singes 
flame green 



(6) 
in borax. 



As the pre- 
ceding. 



Gives the iron 

and sometimes 

manganese 

reaction. 



The roasted 
mineral affords 
an iron reac- 
tion. 



Gives the iron 
reaction. 



(6) 
in mic. salt 



As the pre- 
ceding. 



As in borax. 



As in borax. 



As in borax. 



(7) 

with carb. soda. 



Forma a 
slaggy mass. 



Behaves as an 
oxide. With 
nitre and car- 
bonate of soda 
on platinum 
generally gives 
the manganese 
reaction. 



Forms sul- 
phide of so- 
dium and 
oxide of iron. 
The former is 
absorbed into 
the charcoal, 
and if cut out 
and laid upon 
silver and 
moistened 
gives the 
8 reaction. 



In reducing 

flame becomes 

magnetic and 

fuses to a 

black slaggy 

mass. 



(8) 

Special 

reactions. 



In acid dis- 
solves with 
effervescence. 



If dissolved in 
water, and a 
strip of silver- 
foil be intro- 
duced into the 
solution, the 
metal remains 
untarnished. 
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Behavior of Minerals 



Mineral. 



Iriphjline. 



Scorodite 



IRON. (Contmuation of page 219.) 



Cube ore 



Formula. 



(*eAnti)»P. 



S'els 4- 4fi. 



Behavior 



(1) 
in glass-bulb. 



J'e^la+S'e'ls' 
+ 18fi. 



Gives off wa- 
ter, having an 
alkaline reac- 
tion, and as- 
sumes a me- 
taliic lustre 
resembling 
graphite. 



Evolves water. 



Evolves much 
water. 



(2) 
in open tube. 



Fuses readily 
to a black 
magnetic bead 
with a metal- 
lic lustre. 



Gives off water 
and AsO*. 



As the pre- 
ceding. 



(8) 
on charcoal 



Emits arseni- 
cal fume and 
in the reduc- 
ing flame 
fuses to a 
magnetic mass 
having a me- 
tallic lustre. 

As the pre- 
ceding. 
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IRON. (Continuation of page 220.) 





Behavior 




(8) 

Special 

reactions. 




in forceps. 


(5) 
in borax. 


(6) 
in mic. salt. 


(V) 

with carb. soda. 




I. 

On platinum 

wire colors the 

flame crimson 

(Li) and green 

(P), towards 

the point fuses 

to a black 

magnetic 

bead. 


Gives the iron 

and manganese 

reactions. 


Gives the iron 

reaction which 

overpowers 

that of the 

manganese. 


Forms an in- 
fusible porous 
mass, which 
under the re- 
ducing flame 
becomes mag- 
netic. 


Gives the 
manganese 
reaction with 
nitre and car- 
bonate of soda 
on platinum 
foU. 




I. 

As on char- 
coal. Colors 
the outer flame 
blue. 


The roasted 
mineral gives 
an iron reac- 
tion. 


As in borax. 


Ad alone on 
charcoal. 


Gives the arse- 
nic reactions. 




As the pre- 
ceding. 


As the pre- 
ceding. 


As in borax. 


As the pre- 
ceding. 


As the pre- 
ceding. 
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Behayiob of Minerals 



IRON. (Continuation of page 219.) 



Mineral. 



Iriphyline. 



Scorodite 



Cube ore 



Formula. 



(*e]anLi)»P. 



Pel8 + 4fl[. 



i'e»ls+5»e«ls« 
+ 18S. 



Behavior 



(1) 
in glass-bulb. 



Gives ofF wa- 
ter, having an 
alkaline reac- 
tion, and as- 
sumes a me- 
tallic lustre 
resembling 
graphite. 



Evolves water. 



Evolves much 
water. 



(2) 
in open tube. 



Gives off water 
and AsO'. 



As the pre- 
ceding. 



(3) 
on charcoal 



Fuses readily 
to a black 
magnetic bead 
with a metal- 
lic lustre. 



Emits arseni- 
cal fume and 
in the reduc- 
ing flame 
fuses to a 
magnetic mass 
having a me- 
tallic lustre. 

As the pre- 
ceding. 
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IRON. (Continuation of page 220.) 



Behavior 


(8) 

Special 

reactions. 


(4) 
in forceps. 


(5) 
in borax. 


(6) 
in mic. salt. 


(1) 

with carb. soda. 


I. 

On platinum 

wire colors the 

flame crimson 

(Li) and green 

(P), towards 

the point fuses 

to a black 


Gives the iron 

and manganese 

reactions. 


Gives the iron 

reaction which 

overpowers 

that of the 

manganese. 


Forms an in- 
fusible porous 
mass, which 
under the re- 
ducing flame 
becomes mag- 
netic. 


Gives the 

manganese 

reaction with 

nitre and caj> 

bonate of soda 

on platinum 

foU. 


magnetic 
bead. 










1. 

As on char- 
coal. Colors 
the outer flame 
blue. 


The roasted 
mineral gives 
an iron reac- 
tion. 


As in borax. 


As alone on 
charcoal 


Gives the arse- 
nic reactions. 


As the pre- 
ceding. 


As the pre- 
ceding. 


As in borax. 


As the pre- 
ceding. 


As the pre- 
ceding. 
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Behayios of Minebals 



MANGANESE. 



Mineral. 



Manganblende 



Formula. 



MnS. 



Behavior 



(1) 

in glacH»-bulb. 



Pyrolufiite . . 



Manganite. . , 
Psilomelane.. 



Wad 



fin. 



(ta,Ca,]ag,t) 



also 

3Pe,il,fia,0u, 

tbjSi, etc. 



(2) 
in open tube. 



Gives off SO* 

and becomes 

greyish gre^i 

on surface. 



Frequently 

gives off a 

small quantity 

of water and, 

when strongly 

heated, oxygen. 

Gives off much 
water. 

Gives off water 
and, when 

strongly heat- 
ed, oxygen. 



Gives off 

water. 



(8) 
on charcoaL 



Is slowly roast- 
ed and con- 
verted into 
oxide. 



Befobe the Blowpipe. 
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HANGAKESE. (ContinULtioii of page SSS.) 



(4) 
in forceps. 



V. 



V. 



Behavior 



(6) 
in borax. 



The roasted 
mineral gives 
a strong man- 
ganese reac- 
tion. 



V. 

Exfoliates 
sUghtly. 

V. 

Colors flame 
faintly green 
(!6a) and red 
towards the 
point (Ca). 

V. 
Colors flame 
variously ac- 
cording to its 
composition. 



Gives the 

manganese 

reaction. 



As the pre- 
ceding. 

As pyrolusite. 



Gives the 
manganese 
reaction, more 
or less modi- 
fied by the 
presence of 
other oxides. 



(6) 
in mic. salt. 



In the un- 
roasted state^ 
dissolves with 
much ebulli- 
tion and de- 
tonation due 
to the elimi- 
nation of sul- 
phide of phos- 
phorus. The 
bead then ex- 
hibits the 
characteristic 
violet color of 
manganese. 

As in borax. 



As in borax. 



As in borax. 



As in borax. 



0) 

with carb. soda. 



Forma a slaggy 

mass, which 

laid on silver 

and moistened, 
gives the sul- 
phur reaction. 



Forms a 
slaggy mass. 



As the pre- 
ceding. 

As pyrolusite. 



As pyrolusite. 



(8) 

Special 

reactions. 



Various ac- 
cording to 

composition. 
When strongly 

heated and 
then moistened 
has an alkaline 
reaction on red 
I litmus paper. 
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Behavior of Minerals 



MANGANESE. (Continiutioii of page 228.) 



Mineral 



Rhodonite... . 



DiaUogite 



Triplite 



Formula. 



An'B?. 



AnO. 



Behayior 



(1) 



in glass-bulb. 



GiTes ofFmore 
or leas water. 



Frequently 

decrepitates 

and gives off 

more or less 

water. 



(Stul^ey p. 



Generally gives 

off more or 

less water. 



(2) 
in open tube. 



(3) 
on charcoal. 



Under a strong 

flame fuses to a 

brown opaque 

bead. 



If strongly 
heated and 

moistened has 

an alkaline 

reaction on 

litmus paper 

due to the 

presence of Ca. 



Befobe the Blowpipe. 
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MANGANESE. (Continuation of page 224.) 



Behavior 



(4) 
in forceps. 



As 



n. 

on cbar- 
coaL 



V, 

Frequently 

colors the 

flame slightly 

red. 



(6) 
in borax. 



In the oxidiz- 
ing flame gives 
the manganese 
reaction. In 
reducing flame 
the iron reac- 
tion more or 
less intense. 

Gives the 
manganese 
and iron reac- 
tions. 



I. 

Colors the 

outer blowpipe 

flame green 



in mic. salt. 



As in borax, 

but leaves an 

insoluble sili- 

oeous skeleton. 



with carb. soda. 



Gives the 
manganese 
and iron reac- 
tions. 



As in borax. 



With a small 
quantity of the 
alkali fuses to 
a black bead. 
With a larger 
quantity forms 
a slag. 



Forms an in- 
fusible slag. 



(8) 

Special 

reactions. 



In warm acid 

dissolves with 

much eflfer- 

vescence. 



As in borax. 



Forms an in- 
fusible mass. 



10* 
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Behayiob of Minebals 



NICKEL AND COBALT. 



ICneral. 



MiUerite 



CoppernickeL.. 



FarmiiU. 



NIS. 



Behayior 



(1) 

in l^ass-bulb. 



(2) 
in open tube. 



Evolyee SO'. 



Ni' 



Smaltine 



Co As. 



Oiyes off a 
little AsO*. 



When strongly 
heated gene- 
rally evolves 
metallic 
arsenic. 



Gives off much 

AflO'and 
some SO' and 
falls to powder. 



Gives a crys- 
talline subli- 
mate of AsO'. 
Also some SO'. 



(8) 
on chsJCoaL 



Fuses with 
much ebulli- 
tion to a mag- 
netic bead. 



Fuses to a 
magnetic bead, 
with the evo- 
lution of arse- 
nic, which, 
colors the 
flame blue. 



Gives off fumes 
of arsenic, and 
fuses to a dark 
grey magnetic 

bead, very 
brittle, colors 

flame blue. 



Befobs ths Blowpipe. 

* 

NICKEL AND COBALT. (Conttniutioii of page 2SS.) 
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Behavior 



(4) 
in forceps. 



(6) 
in borax. 



(6) 
inmic. salt. 



The roasted 
mineral giyes 
a nickel reac- 
tion, slightly 
modified by 
small quanti- 
ties of iron 
and copper. 



The arsenical 
bead obtained 
by fusing the 
mineral on 
charcoal, if 
fused upon 
the same sup- 
port with 
borax succes- 
sively added 
and removed, 
gives firstly an 
iron reaction, 
then cobalt if 
present, and 
lastly nickel. 



As the pre- 
ceding, but the 
cobalt being in 
large excess 
requires some 
time for its 
perfect oxida- 
tion, before 
the nickel re- 
action is ex- 
hibited. 



As in borax. 



0) 
with carb. soda. 



If the residual 
bead which 
has been 
treated with 
borax be fur- 
ther treated 
with microcos- 
mic salt, the 
nickel reaction 
will be obtain- 
ed and some- 
times a slight 
copper reac- 
tion. 



Gives the co- 
balt reaction, 
and after the 
cobalt has 
been removed, 
that of nickel. 



Fuses to a 

slaggy mass, 
which on sil- 
ver gives the 
sulphur reac- 
tion. 



(8) 

Special 

reactions. 



Affords a sub- 
limate of me- 
tallic arsenic 
when treated 
with cyanide 
of potassium. 



As the pre- 
ceding. 



Mia t il i 
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Bi':havior of Minerals 



NICKEL AND COBALT. (Continuation of page 227.) 



Mineral. 



Glance cobalt 



Nickel glance 



Ulmannite. . . . 



Cobalt pyrites 



Formula. 



CoS*+CoA8. 



NiS* + NiAs. 



NiS« + Ni 
(AsSb)'. 



(CloNii'e) 
(^Bi5Pe). 



Emerald nickel 



Si^C + 6fl. 



Behavior 



(1) 
in glass-bulb. 



Decrepitates 
and gives an 
orange color- 
ed sublimate 
of AsS'. 



Gives a slight 
white subli- 
mate of SbO' 
and more or 
less AsS*. 

When strongly 

heated gives 

off sulphur 

and becomes 
brown. 



Gives off much 

water and 

turns black. 



(2) 
in open tube. 



As the pre- 
ceding, but 
gives off more 
SO'. 



As the pre- 
ceding. 



(3) 
on charcoal. 



Gives off S 
and ASf and 

fuses to a 

magnetic 

bead. Colors 

flame blue. 

As the pre-, 
ceding. 



Gives off thick 
fumes of SbO* 
and SbO* with 
AsO" and SO*. 



Gives off much 

SO" and a 

small quantity 

of AsO». 



As glance co- 
balt, but ac- 
companied by 
dense fumes 
of SbO*. 

In the reduc- 
ing flame small 
fragments fuse 
with the evo- 
lution of sul- 
phur to a mag- 
netic bead 
having a 
bronze colored 
fracture. 



Before t h k Blowpipe. 
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NICKEL AND COBALT. (Continuatioii of p. 228.) 



Behayior 



(4) 
in forceps. 



(6) 
in borax. 



Gives a cobalt 

and slight iron 

reaction when 

treated as the 

preceding 

minerals. 

As copper 
nickel. 



As copper 
nickel. 



(6) 
in mic. salt. 



As in borax. 



Gives the 

nickel reaction, 

occasionally 

somewhat 

obscured by 

cobalt. 

As the pre- 
ceding. 



(V) 
with carb. soda. 



In the oxidiz- 
ing flame on 
charcoal gives 
a violet colored 
glass. In the 
reducing flame 
the nickel is re- 
duced and may 
be collected in 
a gold bead. 
When the nic- 
kel is removed, 
the glass exhi- 
bits a slight 
iron reaction 
while warm. 

Dissolves with 
much efferves- 
cence and gives 
i the nickel re 
I action. 



As in borax, 
but the reduc- 
tion of the 
nickel is more 
difficult than 
in the latter 
flux. 



As in. borax. 



Gives a sul- 
phur reaction 
of silver. 



As the pre- 
ceding. 



As the pre- 
ceding. 



As glance 
cobalt. 



Forms a 
slaggy mass. 



(8) 

Special 

reactions. 



As the pre- 
ceding. 



As copper 
nickeL 



As copper nio- 

kel generally, 

but arsenic is 

not always 

present. 

As copper 
nickel, but the 
amount of ar- 
senic is usual- 
ly very smalL 



In warm dilute 

HCl dissolves 

with much 

effervescence. 
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Behayiob of Minerals 



NICKEL AND COBALT. (Continuation of page 229.) 





Formula. 


B e h a V i ] 


r 




Mineral 




• - «. 










(1) 


(2) 


(3) 








in glass-bulb. 


in open tube. 


on cbarcoaL 




Cobalt bloom. . 


Oo'lfl 4- 8fl. 


Gives off 

water 




Evolves arse- 
nical fumes 
and in the 
reducing fl&me 
fuses to a dark 
grey bead of 
arsenide of 
cobalt. 




Earthy cobalt.. 


!lKn,0o,0a, 


Gives off 


_ 


Emits a slight 






f'eyB^ etc. 


water. 




smell of arse- 
nic, but does 












not ftise. 





Befobe the Blowpipe. 
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NICKEL AND COBALT. (Continuation of page 280.) 



Behavior 



(4) 
in forceps. 



In the point 

of the blue 

flame fuses 

and colors the 

outer flame 

blue (As). 



Colors the 
flame blue. 



(6) 
in borax. 



Gives the co- 
balt reaction. 



In oxidizing 
flame gives 
the cobalt re- 
action which 
obscures those 
of ]i[n,Ou, etc. 
In reducing 
flame occa- 
sionally gives 
the Cu reac- 
tion. 



(6) 
in mic. salt 



As in bormx. 



As in borax. 
If a saturated 
bead be treat- 
ed on char- 
coal with tin 
in the reduc- 
ing flame for 
a tew seconds, 
the Cu reac- 
tion is some- 
times obtained. 



(7) 
with carb. soda. 



Forms an in- 
fusible mass. 



(8) 

Special 

reactions. 



Gives off 

arsenic with 
cyanide of 

potassium in 
glass tube. 



With carbo- 
nate of soda 
and nitre on 
platinum foil, 
gives a strong 
manganese 
reaction. 
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Behavior of Minesalb 



ZINC. 



MinenJ. 


Formnla. 


B e h a V i 1 


p 












(1) 

in glass-bulb. 


(2) 
in open tube. 


(3) 
on charcoaL 


Zincblende ..• 


Zna 


Decrepitates 

strongly. 


Evolves SO 
and becomes 
white or yel- 
low if contain- 
ing iron. 


Y. 

In the reduc- 
ing flame 
incrusts the 
charcoal with 
ZnO; also 
with CdO, if 
that metal be 
present. 


Red oxide of 
. zinc 


2n. 






In the reduc- 
ing flame 
forms a thin 
incrustatioa 
of oxide of 
zinc on the 
charcoal. 


Electric cala- 
mine 


2^n»Si-|-3S. 


Gives off water 

and becomes 

white and 

opaque. 






Oalamine 


ZnO. 

• 
• 


Gives off CO* 

and becomes 

opaque. 


— 


As the red 

oxide. Some- 
times also 

gives a cad- 
mium and 

lead incrusta- 
tion. 

• 



Befork the Blowpipe. 
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ZING. (Continuation of page 232.) 



(4) 
in forceps 



V. 



Behavior 



(6) 
in borax. 



The roasted 
miueral gives 
a zinc reaction, 
and sometimes 
a slight iron- 
reaction. 



G^nerallj gives 
a manganese 
and slight 
iron reaction 
in addition to 
that of zinc. 



Dissolves to 
a clear glass, 
which cannot 

be rendered 
opaque by the 

intermittent 
flame. 



Gives a zinc 
reaction and 
frequently an 
iron and man- 
ganese reac- 
tion. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



(V) 
with carb. soda. 



As alone on 

charcoal. 
MoreoTor co- 
lors the flame 
bine. The 
fused alkali 
gives a S reac- 
tion on silver. 



On charcoal, 

forms a thick 

incrustation 

of ZnO. 



(8) 

Special 

reactions. 



Dissolves to a 
clear glass, 

which becomes 
opaque on 

cooling. Silica 
remains in- 
soluble. 



As in borax. 



With carbo- 
nate of soda 
alone is infu- 
sible. With 2 
parts of alkali 
and 1 of borax 
fuses to a glass 
and sets free 
2Sn, which 
incrusts the 
charcoal 

Forms a thick 
incrustation 
of zinc, some- 
times also of 
^b and Co. 



With carbo- 
nate of soda 
and nitre on 
platinum foil 
gives a man- 
ganese reac- 
tion. 



Dissolves with 
much efferves- 
cence in cold 
acid. 
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Behaviob of Minerals 



BISMUTH. 



MineraL 



Natiye bismuth 



Bismuthine . . . 



Bismuihblende 



Formula. 



BL 



BiS. 



Si«Bi». 



Behavior 



(1) 
in glass-bulb. 



(2) 
in open tube. 



Fuses and is 
converted into 
a yellow oxide. 



Fuses with 

ebullition and 

gives off S and 

S0«. 



Turns yellow 
and, when 

strongly heat- 
ed, fuses. 



(8) 
on charcoaL 



Fuses to a 
bead and in- 

crusts the 

charcoal with 

oxide. 

Fuses with 
much spirting 
and in the re- 
ducing flame 
yields a me- 
tallic bead and 

incrusts the 

charcoal, with 

oxide. 

Fuses with 

ebullition to a 

brown globule 

forming an 

incrustation 

of Si on the 

charcoal. 



Beforb the Blowpipe. 
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BISMUTH. (Oontinnation of page 284.) 



Behavior 



(4) 
in forceps. 



I. 

Fuses with 
ease to a yel- 
low bead, co- 
loring the 
outer flame 
bluish green, 
especially if 
moistened 
with HOI. 
This color is 
due to P. 



(6) 
in borax. 



The oxide 
formed upon 
charcoal gives 
the bismuth 

reactions. 

The oxide ob- 
tained upon 

charcoal gives 

the bismuth 

reactions. 



Gives the bis- 
muth and also 
an iron reac- 
tion. 



(6) 
in mio. salt 



As in borax. 



As in borax. 



As in borax, 
but leaves a 
silicious ske- 
leton. 



with carb. soda. 



As alone on 
charcoal The 
fused alkali 
gives the sul- 
phur reaction 
on silver. 



Fuses to a 
jeUow mass. 
The bismuth 
is then reduced 
to the metal- 
lic state and 
partially vola- 
tilized, incrust- 
ing the char^ 
coal beyond. 



(8) 

Special 

reactions. 
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Beha-vior of Minerals 



BISMUTH. (Continuation of page 235.) 



Mineral. 



Formula. 



Tetradjmite . . 



Bi,Te,S. 



Behavior 



(1) 
in glass-bulb. 



Occasionally 
decrepitates 

and then fuses, 
forming a 

greyish white 

sublimate im- 
mediately 
above the 

mineral frag- 
ment. 



(2) 
in open tube. 



(8) 
on charcoaL 



Fuses and 
gives oflf white 
fumes, part of 
which pass up 
the tube and 
part deposit 
immediately 
above the 
mineral. This 
latter if heated 
fuses to clear 
drops (TeO*). 
The mineral re- 
sidue becomes 
surrounded by 
fused Si, cha- 
racterized by 
its yellow 
color. 



Fuses to a 
metallic bead, 

colors the 
outer flame 
bluish green 
(Te and Se) 
and incrusts 
the charcoal 
around with 
the orange Si, 
beyond which 
is a white in- 
crustation part- 
ly consisting 
of Te. 



Bbfobe thk Blowpipe. 
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BISMUTH. (Continuation of page 286.) 







B e h a 


T i r 




(8) 
Special 














(4) 


(fi) 


(6) 


0) 


reactions. 




in forceps. 


in borax. 


in mic. salt. 


with carb. soda. 






_ 


The yellow 


As in borax. 


In the reducing 


• 

The fused alka^ 






oxide obtained 




flame yields a line mass gives 






upon charcoal 




bead of me- 


the sulphur 






gives the bis- 




tallic bismuth, 


reaction on 






muth reaction, 




part of which 


silver. Also 






and the white 




is with part of 


gives the tellu- 






incrustation 




the tellurium 


rium reaction 






that of bis- 




volatilized and 


with charcoal 






muth and tel- 




uicrusts the 


and carbonate 






luric acid. 




charcoal 
around. 


of soda. 
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Behaviob of Minerals 



LEAD. 



MineraL 



Galena 



Formula. 



Glaustbalite . . . 



PbS. 



FbSe. 



Jamosouite . . • 



ft>'Sb' 



BehaTior 



(1) 
in glass'bnlb. 



Generally de- 
crepitates and 
gives off a 
small quantity 
of sulphur. 



Decrepitates 
slightly. 



Fuses and gives 
off some sul- 
phur, sulphide 
of antimony 
and antimony 
which con- 
dense in the 
neck of the 
bulb. 



(2) 
in open tube. 



Gives off S0«, 

and when 
strongly heat- 
ed, a white 
sublimate of 

fb,5. 



Forms a sub- 
limate of se- 
lenium, which 
id grey when 
thickly depo- 
sited, and red 
when thin. 



(8) 
on charcoaL 



Fuses and 

emits dense 

white fumes of 

SbO', which 

pass off and 

redden blue 

litmus paper. 



Fuses and is 
reduced afford- 
ing a bead of 
metallic lead, 
and forming 
an incrustation 
of PbO on the 
charcoal. Co- 
lors the outer 
flame blue. 

Gives off fumes 
smelling 
strongly of 
selenium and 
coloring the 
flame blue. 
In the reduc- 
ing flame fuses 
partially and 
incrusts the 
charcoal with 
Se and PbO. 
After some 
time a black 
infusible mass 
alone remains. 

Fuses with 
great ease 
evolving much 
SbO" and PbO, 
which incrusts 
the charcoal 
around the 
mineral. When 
the fumes have 
ceased, a small 
bead of me- 
tallic lead 
remiuns. 



Befosk thk Blowpipe. 
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LEAD. (Goatinuation of page 2S8.) 



BehaTior 



(4) 
in forceps. 



(6) 
in borax. 



The oxide 
formed upon 
charcoal gives 
the lead reac- 
tion. 



The infufiible 
residue obtain- 
ed upon char- 
coal gives an 
iron and some- 
times copper 
and cobalt re- 
action. 



The yellow 

incrustation 

formed upon 

charcoal gives 

the reaction of 

lead, and the 

white those of 

antimony. 



in mic. salt. 



As in borax. 



Ab in borax. 



As in borax. 



with carb. soda 



As alone on 
charcoal The 
fused alkali 
gives a sul- 
phur reaction 
on silver. 



With carbonate 
of soda, or ox- 
alate of potash 
yields a metal- 
lic bead, the 
fused alkali 
laid upon sil- 
ver and mois- 
tened produces 
a stain similar 
to that pro- 
duced by sul- 
phur. 



As alone on 
charcoal. The 
fused alkali 
gives the sul- 
phur reaction 
on silver. 



Spedal 
reactions. 
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BeHAVIOS of MiN££AL8 



LEAD. (Gontmuation of page 289.) 



Mineral 



Minium. 



Formula. 



Pb'O*. 



Behavior 



(1). 
in glass-bulb. 



Mendipite ... .1 Pba-f-2PbO. 



Cerusite, 



Anglesite . 



PbO. 



l^bS. 



Decrepitates 

slightly aud 

assumes a 

yellow color. 



(2) 
in open tube. 



Decrepitates, 

gives oflfCO^ 

turns yeUow, 

and fuses. 



Decrepitates 
and gives off 
a small quan- 
tity of water. 



(8) 
on charcoal. 



Is reduced first 

to litharge 
(PbO) and then 
to metallic lead 
which forms 
the usual in- 
crustation. 

Fuses readily 
and is reduced 

to metallic 

lead with the 

evolution of 

acid fumes. 

Forms a white 

incrustation 

of PbCl, and 

a yellow one 

of PbO. 

Is reduced to 
metallic lead, 
incrusting the 

charcoal 

around with 

PbO. 

In the oxidiz- 
ing flame fuses 
to a clear bead, 
which becomes 
opaque on 
cooling. In 
reducing flame 
is reduced 
with much 
ebullition to 
a metallic bead 
and incrusts 
the charcoal 
around with 
PbO. 



Befobe the Blowpifk. 
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LEAD. . (Continuation of page 240.) 



Behavior 



in foTcepe. 



Colors the 

outer flame 

blue. 



(6) 
in borax. 



Giyes the lead 
reactions. 



As the pre- 
ceding. 



As the pre- 
ceding. 



As the pre- 
ceding: 



(6) 
in mic. salt. 



Gives the lead 
reaction. 



As the pre- 
ceding. 



Gives the lead 

reaction and 

occasionaUy a 

slight iron and 

manganese 

reaction. 



As in borax. 



As in borax. 



As in borax. 



As in borax. 



11 



0) 

with carb. soda. 



As alone on 
charcoaL 



As alone on 
charcoal. 



(8) 

Special 

reactions. 



Gives the chlo- 
rine reaction 
with CuO and 
microcosmic 
salt. 



As alone on 
charcoal. 



Is reduced 
yielding a 
metallic lead 
bead. The 
fused alkaline 
mass gives a 
sulphur reac- 
tion on silver. 



In nitric acid 
dissolves with 
much effer- 
vescence. 
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Bbhayiob of Minbbalb 



LEAD. (OoDtinuAtioii of page 241.) 



MineraL 



Fyromorphite 



Formula. 



Behayior 



Pb01 + 8:h>»P. 



(1) 
in gla88>biilb. 



Decrepitates, 
and when 
strongly heat- 
ed for some 
timOi giyes a 
slight white 
sublimate of 
PbCL 



(2) 
in open tabe. 



Mimetene • • • • 



PbO+Sl^b'ls. 



As the pre- 
ceding. 



(8) 
on charcoaL 



In oxidizing 
flame fuses to 
a bead haying 
a crystalline 
surface on 
cooling, and 
forms a thin 
film of PbCl 
on the char- 
coaL In re- 
ducing flame 
fuses without 
reduction and 
on cooling as- 
sumes a poly- 
hedral form. 
Incrusts the 

charcoal 

slightly with 

PbO. 

Fuses, but less 
easily than the 

preceding, 
giyes off AsO* 
and incrusts 
the charcoal 
with PbCl. 
Finally is re- 
duced to a 
metallic bead 
and forms an 
incrustation 
of PbO. 



BsFosB THE Blowpipe. 
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LfiAD« (ContiniuUioii of page MS.) 



Behayior 



in forceps. 



Fuses and co- 
lon the flame 
bine. 



As the pre- 
ceding. 



(6) 
in borax. 



(6) 
innua salt. 



0) 

with carb. soda. 



b reduced 

yielding a 

metallic bead 

and incmsting 

the charcoal 

with PbO. 



(8) 

Special 

reactions. 



GiTea the chlo- 
rine reaction 
with microcoe- 
mic salt and 
GuO. Also the 

phosphoric 
acid reactions. 



The oxide 
formed on i 
charcoal gives 
the lead reac- 
tions. 



As in borax. 



As the pre- 
ceding. 



Gives the chlo- 
rine reaction. 
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Bbhayiob of Mikbsalb 



LEAD. (ContiiiQAtion of page 243 ) 



XinenL 



Yanadinite . . . 



Foimula. 



Pba+8l*b» V ? 



Crocointe . . . . 



Holybdate of 
lead , 



l»bOr. 



Behavior 



(1) 
in glass-bolb. 



Aa pyromor- 
phitc. 



(2) 
in open tube. 



Decrepitates 

violently and 

assumes a dark 

color. 



^bfi. 



Aa the pre- 
ceding. 



(8) 
on charcoal 



The powdered 
mineral fuses 

to a black 
shining mass, 
which in the 
reducing flame 
affords a me- 
tallic bead. 
Incrusts the 
charcoal first 
with a white 
mm of PbCl 
and afterwards 
withPbO. 



Fuses and de- 
tonates, yield- 
ing 0*0* and 
metallic lead, 
and forming 
an incrustation 
ofPbOonthe 
charcoaL 



Fuses and is 
partly absorb- 
ed into the 
charcoal leav- 
ing a globule 
of metallic 
lead, which is 
partially oxi- 
dized and in- 
crusts the 
charcoal. 



Before the Blowpipe. 
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LEAD. (Continuation of page 244*) 



Behayior 



(4) 
in forceps. 



Afl pyromor- 
phite. 



As pyromor- 
phite. 



As pyromor- 
phite. 



(5) 
in borax. 



Dissolves rea- 
dily to a clear 
gkuas, which, 
in the oxidiz- 
ing flame, is 
yellow while 
hot, and color- 
less when cold. 
In reducing 
flame becomes 
opaque, and on 
cooling green. 



Dissolyes rea- 
dily and colors 
the glass yel- 
low while 
warm, and 
green when 
cold. 
(See Chromium 
reaction.) 



Dissolyes rea- 
dily and giyes 
the molybdena 
reaction* 



(6) 
in mic. salt. 



In oxidizing 
flame is yellow 
while hot, be- 
coming paler 
on cooling. 
In reducing 
flame brown 
while warm, 
and emerald 
green when 
cold. 



As in borax. 



As in borax. 



On platinum 
wire fuses to 
a yellow bead, 
which is crys- 

tallioe on 

cooling. On 

charcoal yields 

a button of 

metallic lead. 



with carb. soda. 



On platinum 
foil gives a 
dark yellow 
mass, which 
becomes paler 
on cooling. 
On charcoal 
yields a me- 
tallic button. 



Yields metallic 
lead. 



(8) 

Special 

reactions. 



With micro- 
cosmic salt and 
OuO, gives the 
chlorine reac- 
tion. If fused 
in a platinum 

spoon with 
from 8 to 4 
times its vo- 
lume of &,S* 
it forms a 

fluid yellow 

mass having 
an orange co- 
lor when cold. 

Treated as 
above with 

&,S* forms a 
violet colored 
mass, which 
on soHdifying 
becomes red- 
dish and on 
cooling pale 
grey. 

Fused as above 

with i[,B« 
forms a yellow 

mass, which 
becomes white 
on cooling. If 

this be dis- 
solved in water 

and a piece 
of zinc intro- 
duced into the 

solution, the 

latter becomes 

blue. 
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Behayios of Minerals 



LEAD. (Gontmuation of page 245.) 



* Xtneral. 


Formula. 


Behavior 




(1) 

in glasfl-bulb. 


(2) 
in open tube. 


(8) 
on charooaL 




Scheeletine • . . 


• ••• 

PbW. 


Decrepitates 
more or less. 




Fsses to a 
bead incnist- 
ing the char- 
coal with PbO. 
The bead on 
cooling is crys- 
talline and has 
a dark metal- 
lic surface. 





Before the Blowpipe. 
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LEAD. (Continuation of page 246.) 



Behavior 



(4) 
in forceps. 



As pyromor- 
pnite. 



in borax. 



Dissolyes to a 
clear colorless 
glass, which in 

the reducing 

flame becomes 

yellow, and on 

cooling grey 

and opaque. 



(6) 
inmic. salt 



Dissolves to a 
clear colorless 
glass, which in 
the reducing 
flame assumes 
a dusky blue 
color. After a 
time becomes 
opaque. 



0) 
with carb. soda. 



As the pre- 
ceding. 



Special 
reactions. 



With carbo- 
nate of soda 
and nitre gives 
the manganese 
reaction. 
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Behayiob of Mikebalb 



COPPER. 







Behavior 


VineraL 


Formula. 




(1) 


(2) 


(8) 






in glass-bulb. 


in open tube. 


oncharcoaL 


Native copper 


Ou 




- 


Fuses to a 
brilliant me- 
tallic bead, 
which on cool- 
ing becomes 
covered with 
a coating of 
black oxide. 


Yitreons cop- 


Ca*B. 


" 


Evolves SO* 


Fuses to a 


per 






and, when pul- 
verized and 
eently heated 
n>r some time 


bead, which 
spirts consi- 
derably and 








pvfifl off SO*. 








is converted 


When pulver- 








intoCuO. 


ized and gently 




A 






roasted, is con- 


t 


} 






verted into 
OaO. 


Copper pyrites 


4i3e. 


Decrepitates, 


Evolves SO* 


Fuses readily 






sometimes 


and is finally 


with much 






gives a subli- 


converted into 


ebullition and 






mate of sulphur 


a dark red 


is magnetic 






and becomes 


mixture of 


on cooling. 






bronze colored 


Fe*0' and 






/ 


on the surface. 

• 


CuO. 
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COPPER. (Oontiniiation of page 248.) 



Behavior 



(4) 
in forceps. 



Fuses and co- 
lors the onter 
flame blue. 



In the oxidizp 
ing flame dis- 
solves and then 
gives the cop- 
per reactions. 



(6) . 
in borax. ' 



The roasted 
mineral gives 
the copper re- 
action, and 
sometimes 
also a slight 
iron-reaction. 



A» the pre- 
ceding ; but 
when the cop- 
per has been 
removed by 
reducing on 
charcoal, the 
bead shows a 
strong uron 
color. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As the pre- 
ceding, but 
the color in 
the oxidizing 
flame is green, 
owing to the 
presence of 
iron. 



with carb. soda. 



•In the reduc- 
ing flame is 
decomposed, 
forming KaS 
and metallic 
copper. If the 
former be cut 
out and laid 
upon silver, it 
gives the sul- 
phur reaction. 



Yields a bead 
of metallic 
copper and 
some magnetic 
oxide of iron, 
which remains 
on the char^ 
coal The 
fused alkali 
gives a sul- 
phur reaction 
on silver. 



(8) . 

Special 
reactions. 



11* 
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Bbhaviob of Mikebalb 



OOPPEB. (Contiiuiation of page 249.) 



91 



MinenL 



Fahlen 



T«iuuntite ••. 



Formiila. 



(6algFeZn)' 

m Ml 

(SbAs). 



• J. ♦»» 
(6dPe)*A8. 



Bournoidte . • • 



(in)«6u)Sb. 



Behavior 



(1) 

in glass-bulb. 



Sometimes 

decrepitates, 

fuses, and when 

very strongly 

heated, gives a 

red sublimate 

of §b with 9b, 

also sometimes 

a black subli- 

mate of Hg 
and occa^on- 

ally As. 



(2) 
in open tube. 



Decrepitates 

occasionally 

and gives a 

red sublimate 



of As. 



Decrepitates 

giving off sul 

phur and, when 

strongly heat- 

»»» _ 

ed,SbandSb. 



Fuses and gives 

off thick fumes 
of SbO* and 
SO*, also gene- 
rally AsO», 

leaving a black 
infusible resi- 
due. If Hg 
be present, it 

is sublimed and 
condenses in 
the tube in 
small drops. 



(8) 
on charcoal. 



Fuses to a 
bead, which 

fumes strongly 
and incrusts 

the charcoal 
with SbO», 

and sometimes 
ZnO, which 
cannot be 
volatilized. 

Emits a strong 

smell of 

arsenic. 



Evolves S and 

Xs, which con- 
dense and form 
a white subli 
mate. 



Evolves thick 
white fumes of 

Sb,9b and 

Pbth. AlsoS 



Fuses to a 
magnetic bead 
giving off ar- 
senical and 
sulphurous 
fumes. 



Fuses readily 
and incrusts 
the charcoal 

with Sb and 

Pb leaving a 

dark colored 

bead. 
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COPPER. (Contmuation of page 260.) 



Behayior 



(4) 
in forceps. 



(6) 
in borax. 



The residue 
obtained on 
charcoal thor 
oughly roasted 
gives a copper 
reaction, and 
when the lat- 
ter has been 
removed by 
reduction upon 
charcoal, an 
iron reaction. 



As the pre- 
ceding. 



If the bead 
obtained on 
charcoal be 
fused on that 
support in the 
reducing flame 
with borax, a 
slight iron reac- 
tion is obtain- 
ed, and after a 
time a copper 
reaction. 



inmic. salt. 



As the pre- 
ceding. 



As the pre- 
ceding. 



As with borax. 



with carb. soda. 



With this flux 
and a Uttle 
borax yields a 
bead of metal- 
lic copper ; on 
silver, the al- 
kaline mass 
gives a sul- 
phur reaction. 



Yields a copper 
bead and metal- 
lic iron in the 
form of a dark 
grey powder. 
The fused alkali 
gives the sul- 
phur reaction. 

Yields a bead 
of metallic cop- 
per and lead 
and incrusts 
the charcoal 
with Sb and 
t*b. The alka- 
line mass laid 
on silver and 

moistened 
gives the sul- 
phur reaction. 



(8) 

Special 

reactions. 



If the copper 
bead obtained' 
by fusing upon 
carbonate of 
soda be cupel- 
led with assay 
lead, a silver 
bead will be 
obtained. Or if 
dissolved in ni- 
tric acid and a 
drop or two of 
HGGl added, a 
white precipi- 
tate of AgCl 
will be formed, 
which may be 
collected and 
reduced with 
carbonate soda 
upon charcoal. 
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Behayiob of Minerals 



GOFFER. (Gontinuation of page 251.) 



ICneraL 



lied oxide of 
copper 



Fonnida. 



Oa«0. 



Behayior 



(1) 

in glaas-balb. 



Atacamite . . 



Bioptase . • • 



CaCl+sOa 
+ 6fi. 



)u»S?+8fl. 



Gives olF mach 
water, having 
an acid reac- 
tion, on test 
paper, and 
forms a light 
grey sublimate 
of GaGL 



(2) 
in open tube. 



Is converted 

into the black 

oxide GuO. 



Gives off water 

and turns 

black. 



Malachite 



Ctt«0 + fi. 



Gives off water 

and turns 

black. 



(8) 
on charcoaL 



In the reduc- 
ing flame is 
reduced, form- 
ing a bead of 
metallic cop- 
per. 

Fuses, colors 
the flame blue, 
forms a brown 
and a pale 
grey incrusta- 
tion on the 
charcoal, and 
is reduced to 
metallic cop- 
per, leaving a 
small quantity 
of slag. 

In the oxidiz- 
ing flame be- 
comes black. 
In the reduc- 
ing flame red. 



Fuses to a 
bead and with 
a strong flame 
is reduced to 
metallic cop- 
per. 



Before the Blowpipe. 
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COPPER. (Contanuation of page 252.) 



Behayior 



in forceps. 



Fases and co- 
lors the flame 
emerald green, 
or if previously 

moistened 
with HCl, blue. 

Fuses and co- 
lors the outer 
flame intensely 
blue and green 
towards the 
point. 



V. 

Colors the 

outer flame 

intensely 

green. 



(5) 
in borax. 



GiYes the cop- 
per reaction. 



Giyes the cop- 
per reactions. 



Gives the cop- 
per reactions. 



(«) 

in mic. salt. 



As with borax. 



As with borax. 



Fuses and co- 
lors the outer 
flame brilliant- 
ly green. 



As with borax. 
The silica re- 
mains undis- 
solved. 



(1) 

with carb. soda. 



Gives the cop- 
per reaction. 



As in borax. 



Is reduced to 
a bead of me- 
tallic copper. 



Is reduced^ 

yielding a bead 

of metalBo 

copper. 



With a small 
quantity of 
carbonate of 
soda fuses to 
a bead, which 
on cooling is 
opaque and 
has a red frac- 
ture. With 
more alkali 
forms a slag, 

containing 
little beads of 
reduced cop- 
per. 

Yields metal- 
lic copper. 



(8) 

Special 

reactions. 



Dissolves in 

HCl with much 

effervescence. 
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Behatiob of Minksals 





COPPER. 


(Gontiniiation 


of page 263.) 










Behavior 




MinenL 


(1) 

in glass-bulb* 


(2) 
in open tube. 


(8) 
on charcoaL 




BlaevitrioL... 


6q9+5H. 


Tntumesces, 

gives off water 

and becomes 

white. 


Strongly heat- 
ed is decom- 
posed, giving 
off S0« and 
being convert- 
ed into CuO. 


As in the glass- 
bulb. Then 
fuses, coloring 
the outer flame 
green, and is 
reduced to me- 
tallic copper 
f 
and6u. 




libethenite... 


• 


Gives off water 

and turns 

bbu^ 


• 


Gradual! J heat- 
ed, turns black 
and fuses to a 
bead, having a 
core of metal- 
lic copper. 




Olivenite 

< 


Cu\XsP)+fi[. 


Giveji off water. 


— 


Fuses with de- 
tonation and 
the evolution 
of arsenical 
fumes to a 
brittle regu- 
lus, brown ex- 
ternally and 
having a white 
fracture. 
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GOPPEB. (CoDtiDnation of page 264.) 



Behavior 



(4) 
in forceps. 



Fuses and co- 
lors the outer 
flame blue. 



Fuses, but does 
not color the 
flame distinct- 
ly. On cooling 
is black and 
crystalline. 



(6) 
In borax. 



The roasted 

mineral gives 

the copper 

reaction. 



(6) 
in mic salt. 



As in borax. 



Gives the cop- 
per reaction. 



with carb. soda. 



Ail in borax. 



Fuses and co- 
lors the outer 

flame green. 
On cooUng has 

a crystalline 
surface. 



Gives a copper 
reaction. 



Yields metal 
lie copper. The 
sJkaUne mass 
laid on silver 
gives the S 
reaction. 



As In borax. 



(8) 

Special 

reactions. 



Gives the sul- 
phuric acid 
reaction. 



With much of 
the alkali is 
decomposed, 
yielding me- 
tallic copper. 
With small 
portions suc- 
cessively add- 
ed first fuses 
and then in- 
tumesces, fuses 
with a strong 
flame, and is 
then absorbed 
into the char- 
coal, leaving 
metallic cop- 
per. 



Gives the phos- 
phoric acid 
reaction. 



Is reduced, 
yielding me- 
tallic copper. 



Gives the arse- 
nic reactions 
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Bbhayiob of MiKeealb 



ANTIMONY. 



MineraL 



Native anti- 
mony .... 



Fommla. 



Sb. 



Grey antimony 



SbS*. 



Antimony 
blende . 



Sb'+Sb. 



Behayior 



(1) 
in gla88>bulb. 



Fuses and, 
when strongly 
heated, volati- 
lizes being re- 
deposited in 
the tube as a 
dark grey sub- 
limate. 



(2) 
in open tube. 



Fuses readily 
and occasion- 
ally gives off 
a small quan- 
tity of sulphur. 
Strongly heat- 
ed forms a 
brown subli- 
mate of SbS» 
and SbO». 



(8) 
on charcoaL 



Fuses and gives 

off- dense white 
fumes, which 
are partly re- 
deposited on 
the tube. 

Sometimes also 
gives off arse- 
nical fumes in 

small quantity. 



Fuses and gives 

off SO', which 

passes off up 

the tube, and 

dense white 

fumes of 

SbO» and SbO*, 

which are 
partly deposit- 
ed in the tube. 



Fuses easily, 
gives off first 
SbO* and af- 
terwards an 
orange colored 

sublimate. 
Strongly heat- 
ed, is decom- 
posed and gives 
a black subli- 
mate, which 
becomes brown 
on cooling. 



As the pre- 
ceding. 



Fuses and gives 

off dense white 

fumes, which 

thickly incrust 

the charcoal 

and color the 

blame bine 

immediately 

beyond the 

assay. 



Fuses and \a 
partly absorb- 
ed by the 
charcoal and 
partly volati- 
lized, incrust- 
ing the char- 
coal with the 
characteristic 
white oxides. 
Colors the 
flajne blue. 



As the pre- 
ceding. 



Bkfose THE Blowpipe. 
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ANTIMONY. (Continuation of page 256.) 



1 ' 

Behavior 


(8) 
Special 










(4) 


(6) 


(6) 


W 


reactions. 


in forceps. 


in borax. 


in mic. salt 


with carb. soda. 






The oxide 
formed upon 
charcoal gives 
the antimony 

reactions. 


As in borax. 




The incrusta- 
tion on the 
charcoal, if 
treated with 
nitrate of co- 
balt assumes 
the character- 
istic green 
color. 




As the pre- 


As in borax. 


Fuses and is 


As the pre- 


• 


ceding. 




reduced, yield- 
ing metallic 
antimony, 
which behaves 
as the preced- 
ing mineral 
upon charcoal. 
The alkaline 
mass gives 
the sulphur 
reaction. 


ceding. 




As native 


As in borax. 


As the pre- 


As native 


i 


antimony. 




ceding. 

• 


antimony. 

• 
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Bbhatiob of Mihbbals 





ANTIMONY 


. (Continuation of page 25!r.) 








« 


B e h a Y i r 




Mineral. 


Foimula. 


















(1) 


(2) 


(8) 






• 


in g1a8fl-biilb. 


in open tube. 


on charcoal. 




White anti- 




Is sabUmed 


As in the glass- 


Fuses with the 




mony 


SbO». 


and recon- 

densed in the 

neck of the 

tube. 


bulb. 


evolution of 
dense white 
Amies, which 
incrust the 
surface of the 
charcoal In 
the reducing 
flame is partly 
reduced, yield- 
ing metallic 

antimony. 

Colors flame 

blue. 
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ANTDfONT. (Contiiniatio& of page 258.) 







B eh a 


i Y i O T 


(8) 
Special 














(*) 


(6) 


(6) 


m 


reactions. 




in forceps. 


In borax. 


mmia salt. 


with carb. soda. 






Foaesandis 


GiTee the 


Aflinboiax. 


In the reduc- 


As natiTe 




Tolatillzed, 


antimonj 




ing flame is 


antimony. 




coloring the 


reaction. 




reduced, yield- 






outer flame 






ing metallic 




1 


blue. 






antimony. 
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Bbhavios of Minebalb 



ARSENIC. 



MineraL 


Fomnila. 


Behayior 
















(1) 


(2) 


(3) 






• 


in glaas-bulb. 


in open tube. 


oncharcoaL 




Native arsenic 


As. 


Sabllmes with- 


If gently heat- 


Passes off as. 








out fusion and 


ed in a good 


AsO', which 








recondensea as 


current of air 


thinly incrusts 








a dark grey 


passes off as 


the charcoal 




\ 




metallic sub- 


AsO', which 


beyond the 








limate, some- 


is partly con- 


assay. 








times leaving 


densed as a 


« 








a small residue. 


white subli- 
mate in the 
upper part of 
the tube. 






Realgar 


AflB>. 


Fuses, enters 


Gently heated 


Fuses and 








into ebullition 


passes off as 


passes off as 








and is sub- 


SO*andAflO«, 


arsenious and 








limed as a 


the latter of 


sulphurous 








transparent 


which is rede- 


acids. 








red sublimate. 


pofflted in the 

upper part of 

the tube. 






Orpiment 


• 

AflS". 


As the pre- 


As the pre- 


As the pre- 








ceding, except 


ceding. 


ceding. 








that the sub- 












limate is of a 












dark yellow 












color when 












cold. 








Wliite artenic 


A«0«. 


Sublimes with- 
out fusion and 


. — 


Sublimes and 
is partly re- 




• 




recondensesin 




condensed on 








white crystals. 


• 


charcoal form- 
ing a white 
incrustation. 
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ABSENIC. (Continuation of p^ge 260.) 



Behayior 



in forcepe. 



Colors the 
flame blue. 



Fuses and co- 
lors the flame 
blue. 



(6) 
in borax. 



As the pre- 
ceding. 



Colors the 
flame blue. 



(«) 

in mic. salt. 



(.1) 
with carb. soda. 



As on char- 
coal, except 
that the S 
combines with 

the alkali 
forming NaS, 
which on sil- 
yer giyes the 
sulphur reac- 
tion. 



As the pre- 
ceding. 



(8) 

Special 

reactions. 



Heated with 
charcoal in a 

glass-tube 
sealed at one 
end, is reduced 
and metallic 
arsenic sub- 
limes 
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Behaviob of Mikbkals 



H £ B U R T. 



MinertL 



Natiye mercury 



Ciimabar 



Natiye amal- 
gam 



Fonnnla. 



Hg. 



HgS. 



AgHg«. 



Beharior 



(1) 
in glagfl-bvlb. 



Volatilizes with 

little or no 

residue and 

recondenses in 

neck of bulb. 



Volatilizes 

sometimes 

leaving a slight 

earthy residue, 

and recoEh 

denses as a 

black sulphide. 



(2) 
in open tube. 



As native 
mercury, but 
leaves a resi- 
due of pure 
silver. 



If gently heat- 
ed is decom- 
posed into 
metallic mer- 
cui^, which 
volatilizes and 
recondenses 
in the upper 
part of the 
tube, and SO', 
which passes 
off and is 
easily recog- 
nized by its 
odor and 
bleaching pro- 
perties. 



(«) 

oncharco«L 



Is volatilized. 



Is volatilized, 
generally leav- 
ing a small 
earthy residue. 



The mercury 

volatilizes 

leaving the 

silver, which 

fuses to a 

bead, and, in 

the oxidizing 

flame, incrusts 

the charcoal 

with its cha- 

racteristi:;; 

oxide. 
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HERCURT. (Continuation of page 262.) 



Behatior 



(4) 
in forceps. 



(6) 
in borax. 



(6) 
Snmlo. salt. 



witii carb. soda. 



l^nth oarbo^ 
nate of soda 

and cyanide 

of potafisium 

ifl decomposed 

and metallio 

mercury vola 

tiliaed. 



(8) 

Special 

reactions. 



When in tiie 
preceding ex- 
periment the 
mercury has 
been entirely 
dissipated, the 
allLaline resi- 
due laid on 
silver gives a 
sulphur reac- 
tion. 
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Behayiob of Mihebals 



SILVER. 



MinenL 



NatiTe silver. 



Fommla. 



^- 



Behavior 



(1) 
in glass-bulb. 



AnUmonial 
silver . . . 



(2) 
in open tube. 



(8) 
on charcoal 



Ag«Sb. 



Silver glance.. 



AgS. 



Fuses and in 
a strong oxi- 
diziug flame 
forms an. in- 
crustation of 
dark brown 
oxide on the 
charcoaL If 
any antimony 
be present, it 
affords a crim- 
son incrusta- 
tion. 



Gives off dense 
white fumes, 

which are 
partly deposit- 
ed in the tube. 



Gives off sul- 
phurous acid. 



Fuses, fumes 
strongly, form- 
ing a white 
incrustation, 
and when the 
antimony is 
nearly expelled 
a crimson one, 
a nearly pure 
silver bead 
remains. 



Gives off SO" 
and is reduced 
to metallic sil- 
ver. If impure, 
a small quan- 
tity of slag 
also remains. 



BSFORE TH£ BlOWFIPS* 
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SILVER. (GoQtmaAtion of page 264.) 



BehaYior 



in forceps. 



(6) 
in borax. 



Gives the sil- 
ver reactions. 



The incrusta- 
tion formed 
on charcoal 
gives an anti- 
mony reaction. 



The residual 
slag (if any) 
obtained upon 
charcoal gives 
an iron reac- 
tion. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As in borax. 



(7) 
with carb. soda. 



As alone on 
chsrcoal. 



As alone on 

charcoal. The 

alkaline mass 

gives a sulphur 

reaction on 
polished silver. 



12 



(8) 

Special 

reacUons. 
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Bkhatiob of Mikebals 





SILVEK. 


(Continiiation of page 265.) 




MineraL 


Formula. 


Behavior 


} 








(1) 


(2) 


(3) 






in gUss-bulb. 


in open tube. 


on charcoal 


Stephanite.... 


* in 

Ag'Sb. 


Decrepitates, 


Fuses and 


Fuses and in- 






fuses and gives 


gives off S0» 


crusts the cha- 






a slight subli- 


and dense 


coal with anti- 






mate of sul- 


white antimo- 


monious acid, 






phide of anti- 


nial fumes. 


leavmg Ag 






mony. 




with some an- 
timony. If 
the flame be 
continued, a 
red incrustA- 
tion is formed 
and finally a 
bead of pure 
silver remains 
surrounded by 
a smaU slag. 


Pyrargyrite... 


Ag*Sb. 


Sometimes 


As the pre- 


Fuses with 






decrepitates, 


ceding. 


much spirting 






fuses readily, 




and covers the 






and, when 




charcoal with 






strongly heat- 




antimonial 






ed, gives a 




fumes. When 






dark red sub- 




the residual 






limate of SbS«. 




AgS is heated 
for some time 
in the oxidiz- 
ing flame, a 




* 






bead of pure 
silver is ob- 
tained. 


Proustite 


Ag'As. 


Fuses and at 


Gradually heat- 


As the pre- 






a low red heat 


ed it gives off 


ceding, except 1 






affords a small 


AaO» and S0^ 


that a large 






sublimate of 


Sometimes also 


quantity of 






AsS'. 


antimony 
fumes. 


AsO» and but 
little SbO> are 




« 






given off 



Before the Blowpipe. 
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SILVBB. (Gontinuatioii of page 266.) 



in forceps. 



Behavior 



(6) 
in borax. 



The residual 
slag obtauied 
on the char- 
coal gives an 
iron and cop- 
per reaction. 



(«) 
in mic. salt 



As in borax. 



with carb. soda. 



The silver is 
reduced and 
the antimony 
passes off in 
dense fumes. 
The fused al- 
kali gives the 
sulphur-reac- 
tion on silver. 



As the pre- 
ceding. 



As stephanite, 
except that 

much arsenic 
is given off 

and but little 
antimony. 



(8) 

Special 

reactions. 
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Bbhatiob of Mikebals 





RffiVBE. 


(Continuation of page 267.) 






HineraL 


Formula. 


Behavior 




(1) 
in glass-bulb. 


(2) 
in open tube. 


(3) 
on charcoaL 




Horn silver... 


Aga. 


Fuses, but un- 
dergoes no 
further change. 




Fuses readily 
in the oxidiz- 
ing flame. In 
the reducing 
flame is slowly 
reduced yield- 
ing metallic 
silver. 





Befobb the Blowpipe. 
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SILVER. (Continaation of page 268.) 





BehaTior 


(8)' 

Special 

reactions. 




(4) 
in forceps. 


(6) 
inbonx. 


(«) 
inmic. lalt. 


a) 

with carb. soda. 










Is rapidly re- 
duced to me- 
tallic silver. 


If cut up into 
small pieces 
mixed with 
oxide of cop- 
per and then 
heated before 
the oxidizing 
flame upon 
charcoal, it 
colors the 
flame blue. 
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Aocwilk Treatise on the Art of Brewing. ISmo. London • • • 1 15 

■ Treatise on Qns Lighting. Boyal 8ro. London . • S M 

Aclceii(A.) Arts and Manufactures, iUostrated with historical and Uterary details. 8to., 

halfealC. London, 1681-46 .3 00 

Aime, (Martin). Lettres a Sophie sor la Physique. ISmo. Paris, 184S • 8T 

A Jaasen de G raDdnanie* Nonrean Manuel complet de Chimle appliquee a la Medi- 
cine. 18mo. Paris, 188S • . .ST 

A Jm«« » a de CrnuadsaiTB® ct F««elie« Nouveau Manuel oomplet de Physique et 

de Meteorologie. 2d edit. ISmo. Paris, 1886 . .8? 

Explanai«nr liicttoMmiT of the Apparatus and Instruments employed in the 
Tariousoperations of Philosophical and Bzpwimental Chemistry* 17 Plates. Sto. Lon- 
don, 18M . . . . . .. . .100 

ales de Cliiaale* on Reeneil de Memoires eonoemant la Ohlmle et les Arts qui 
en dependent. Paris, 1789 to 1816 inclusire. 8to., et S rols. de Tables. 
8e Serie, 1816 to 1840, incl. 76 rols., 8to. et 8 toIs. de Tables. 
8e Berie, 1841 to — -^. Oette sene est en cours de puMieation. 
Prix par annee • • • • • • • •U16 

Annuaire de Gklaiief coH^irenant les appUeaftions de estte flelenee a la Medeelne et 
a la Pharmade, ou Repertoire des deoouTwtes et des noureau travauz en chimle faitt 
dans les diverses parties de I'Enrope. Par MM. H Millon, J. Relset. Aree la eollabora- 
tlon de MM. F. Hoefer et J. Nickles. 8to. Paris, 1846-61. 7 Tob. . . . 14 00 

Amya* OEuTres completes. 

— - Meteorological Sisayi. With an Zatroduetlon by HumbeUU. Edited by OoL 

Sabine. 8ro. London, 1866 . . . . • • 5 00 

AieliaiiiVaalt* Precis nemcntaire da Phyrique. Premiere partle, comprenant la 
Pesanteur, rHydrostatiqae et la Ohalenr, arec 98 grarures Snterealees dans 1« teste. 
1864. limo. . . . . . .100 

— — — Deuzienie partie, comprenant llSectriclte, le Magnetisms, le Gklranisme, TKlec- 

tro-dynamique, PAconstiqne et l*Optique, arec 148 grarures dans le teste. 1866. ISmo. 1 00 

Amaft (A*) The Smokeless fire-place, Ohlmney Talre, and other means, New and Old, 

of obtaining HeaUhfai Warmth by VentUatlon. 8to. London, 1606 • . 1 80 

ATai^adva. Sol oaiori SpaaAeo de OorpI Solidi e liqnidl. 4to. .76 

liarreeiiril et Hawanne* Ohimie Riotographique, contenant les elements de Ohimie 
ezpliques par les manipulatlOBS Photographlques. lies precedes de Photographic sur 
Plaques, sur Papier see on hnmlde, sur verres an OoBodlon et a I'Albumitte. La maniere 
de preparer sol memo, d*employer tons les reactifii et d*utlliser les residns. Les Re« 
eettes lea pine nouTellsa let demlers perfeettonnemesrta. La Qravore el la LMiophoto- 
grapUe. 8to. 1864 . . • . • . 1 60 

Bsweairil et Sabrlna* Appeodiee a touts les traltet d'Anatyse Ohtmlqae, recuetl 
des obeerrattotts MbUees depuls 10 ana mr PAnabae ^nalltb el qoaat. 1 toL, 8to« 
Parls,184S . '""^ " . "7^ , , . , 1« 

lianmel(€IO Traitede Ohimie Technique appliquee any ArtfstftlliidaitriQy a la Phai» 
made et a TAgriculture. Tome l«r. 8to. Paris, 1850 • • . 1 15 

I/oumge aura 6 toIs. 

BavdrlataMt ( A«) Tralte de Ohimie deneraie el Ispeftaiehtale, mfw lea applleallons 
aaz Arts, a la Medaeloe, • la PhanuMie, 4o.. aeoompagne de MOplaathM ialareaiees 
dvatotaxte. 8 forts yd. in-8. Paris,1844HM . . . . • 450 



2 Standard Scientific Works. 



(A») Dtt Bttcre et de m fabrication, aufTi d*un precis de la legiBlation 
qui refit oette mdiittrle, par ▲. Trebacliet. 9re., areo 81 flg. Paris, 1841 . T5 

Bec^nerel. Tralte d*Electriolte et de Magnetlsme, et des Applications de ces Sclenoes a 

la Ohlmie, a la Fhyslologle et aoz Arts. 9 toIs. 8ro., plus planches. Paris, IBM . 6 00 

Oavrafe termlae. II est l*ezpoee des lecons qui sont faltes au Ifuseum d'liistoire natu> 
relle et aa Oonserratoire des arts et metiers sur Telectricite, le magnetisme et tontes 
leors applications. Ohaqne Tolume renferme les applications relatives an si;Uet principal 
qui s'j trouTe tralte. Les llgares, desslnees et gravees aTec soin, sont intercalees dans 
le teste. 

— — ^^> Tralte de TEleotrleitt et du ICagneUsme. 7 vols., 8to., avee atlas In-fSoL Paris. 

1884 . • SO 00 

— -— ^ Tralte oomplet do ICagnetlsme. 8to. . 9 60 

— — — <— Bements d*Electro-Ohimie Appliques auz Sciences Naturdles et auz Arts. 8vo. 

Paris, 1818 . . S 00 

Beeqiierel (HI* A.) DesAppUcationsdel'Blectrioite a la Pathologic. 8vo. Paris, 1866 

Bernaj (▲• J«) first Lines in Chemistry : a Bfanual for Students. 18mo. London, 

■■■ Household Ohemistiy, or the Budlments of the Science applied to every-daj life. 

lifflo. London, 1868 . . 1 IS 

Reribler* Tralte des Essals par la Vole Seche, on des proprietes, de la composition et de 

Pessal des Bobetances Metalllques et des OombusUbles. 2 vols., 8vo. 16 pi. Paris, 1848 8 00 

Deitl&ollef. Art of Dyeing and Bleaching by Ure. Svo. London . .8 00 

Beraelllis* Tralte oomplet de chimle minerale, vegetale et animale, seconde edition firan- 
oalse, traduit, avec I'assentiment de I'auteur, par M. Esslinger et F. Hoefer. Paris, 
18M-61. Vol. 1 to 6 . . 18 00 

866 GerbardC 

— — ^— Bapport annuel sur les progres de la chimle, presente le SO mars de chaque annee, 
a 1* Academic des Sciences de Stockholm, traduit do Suedois, par Plantamour, 8 vols. 
8to. Paris, 1841 to 1848 . . .9 00 

— — -— Tlew of Animal Ohemlstry. 8to. London . . • . • 

— — >— • Use of the Blowpipe, translated by Ohildren. 8to. London. (Very scarce.) • 

— ^«— Tralte de Ohimle. Nout. edit., par B.TaIeria8. 4 toIs., gr. 8yo., aveo 8 pl an cJie e. 

Half bound, ef. BruzeOes, 1841 to 1844 . . . . . . 18 00 

-^-— — L<dirboch der Ohemle. Funfte anflage. Bds. 1-6. Dresden, 1812-48 

Blllard* Tralte de la fabrication dn Platlne. 8yo., d*une feuille et quart. Paris, 1866 . 8 60 

Blot* Instructions pratiques sur Pobsenrations et la mesure des proprietes optiques ap- 
pelees rotatoires, areo rezpose succinct de leur application a la chimle medicale scien- 
tiflque et IndustrieUe. Paris, 1846 . . . . . 26 

— — — Precis dementaire de Physique. 9 Tohk, 8yo. Paris, 1826 . • • 6 CO 

— "— Tralte de Physique Bxperlmentale. 4to]s.,8to. Paris. (Very scaroe.) 

■ De la Polarisation de la Lumlere. 1 toL, 4to. Planches. (Scarce.) 

Bird (O*) Dements of Natural Philosophy, being an Experimental Introduction to the 

stady of the Physical Sciences. 12mo., cloth . . • . 8 16 

Bi— lioflV Elements of Ohemical and Physical Geology. Translated by Paul and Drum- 

mond. 9to1s., 8to. London, 1864-66 . . .9 00 

BlanclllBgient. Nouveau Manud complet du Blanohiment, dn Blanchissage, Nettoyage 
el Degraissage des Ills et BtollBS de Ooton, Ohanyre, Lin, Laine, Sole, etc 9 rols., 18mo. 
PariJliSr^ . • . . ... . . 1 60 

Bla«k (W.) Praetteal Treatise on Brewing. 401 edit. 8yo. London, 1840 . . 8 25 

Blanquart (BTntrd.) Tralte de Photographic sur Papier. 8to. Paris. 18IA . 195 

Blo^vplpe* See Bahubis, Dr. J. M. 

Bonduurdat* Opnsoules d'Eoonomle Burale. Sro. Paris, 18K1 . 1 00 

Bouiaet (J** P«) HIstoireOhlmiquedesBauxIfineralesetTliermalesdeyichy. Ouaset, 
ViSise, Hauterive et Saint-Torro; Analyses Ohlmiqnes des Eauz Hlnerales de Medague, 
Ohateldon,Brugfaeaset Seuillet. 8to., 8 cartes. Paris, 1866 . .176 

Bonaaloniilt. Bural Economy ; in its Belations with Ohemlstry, Physics, and Meteor- 
ology. 9d edition, with notes careAally revised and corrected. 1 voL, 8vo., cloth, bds. 
LonIon,1846 . . .. . . . .460 

B^ntet de Mmmw9ik» Oows de Ohimle, redlge eonformement aux demlers procrammes 
de I'Bnselipienient Sdentiflque dans les I^roees, et Jt oelul du Baocalanreat des Sefences, 
•TOO 118 gravurea Intercalees dans le texte. 19mo. Paris, 1866 • 1 95 

B«Vtl«B7. Based*niMNoaveUePhyilqae,l*etei^ilieroidal. 8ro. 18B .195 

(.J«B*) Introduelion to Practical Ohemlstry. 9dedlt 19nio. .3 00 

Tables of Ohenloal Equivalents. 8vo. London . • • .100 

Dictionary of Sdenoe, Literature, and Ark. 8vo. London . • . 7 60 

TaOdes of 9peoiflo€kavl^ and Equivalents. 8vo. • .9 60 

-- — Leotores on Onanio Ohemlstry, as applied to llanullMtaret, Dfiing, TanntDf, 
AOfAe., arranged by Booflbm. 19mo. London . .9 96 

m. J iBitti w ^ MO jirMMfcMir, jr. y. 




Standard Scientific Works. 



Brande(W*T.) Manual of Ohflmlitiy. STol9.,8ro. London .18 60 

BrebiMOii (A« de)« NooTdle Methode Photographlqne snr ooUodlon donnant dea 

epreuYea Instantanees ; traite complet dea divers precedes. Svo. Paris, 1859 . . 1 00 

Traite Oomplet de Fhotograi^kle tor Ctollodion ; repertoire de la plapart dee Pro- 

cedes Connos. 8to. Paris, 1806 . . . • . 1 00 

WMrevnter (Sir D«) A Treatise on Optics. 12mo. London, 1858 . 1 18 

— ^— The Stereoscope ; its History, Tlieory, and Oonstruction, with its applicaUon to the 

line and nseflil Arts and to Sdncation. umo. London, 1656 . 1 f 2 

(A.) The Philosophy of Physics, or Process of Oreative Development. 8vo. 
New York, 1854 . . . . . . 2 25 

GalMurt (C.) Lemons de Physiqae e( de Ohimie. 8vo., avec 23 planches. Paris, 1854 . 2 90 

Gahonn (A.) Lemons de Ohimie Oenerale Elementaire, Professees a TEcole Oentrale 
dea Arts et Mannfkctures. Avec gravores sur bois intercalees dans le texte, et planches. 
2 vols., 18mo. Paris, 1855 . . . . . . . 8 00 

Campbell. A practical Text-Book of Inorganic Ohemlstry, inclnding the preparations 
of Substances, an<; their QuaUtative and Quantitative Analyses, with Organic Analyses. 
12mo. . . . . . . . . .159 

Caontel&oac* Hanuels-Roret. Nouveau Manuel complet dn Fabrlcant d'Oliijets en 
Caoutchouc, en G-utta-Percha et en Gomme Factice ; snivi de Documents Btendus sur la 
Fabrication des nssus Impermeables, des Tolles Cirees et des Cuirs Vemis ; par M. Pau- 
Un Desormeaux. 1 vol., l2mo., avec planches. Paris, 1850 . • 1 00 

GaTMftdlAh Soelety^s publications already pnblished : 

GRAHAM'S Ohemical Reports and Memoirs. Scarce. 
GMELINS. Handbook of Chemistry. Vols. 1 to 10, 8vo. 
LEHMAN'S Physiological Chemistry. 8 vols, and atlas. 
Life and Works of CAVBxnigH. 
Life and Works of Daltoh. 
BISCHOFF. Chemical Gteology. 2 vols. 
Subseripilon, $7 per annum. 

dialmem (€•) Thoughts on Electricity, with notes of Experiments. 8vo., cloth. 

Edinburgh, 1851 . . . ... . . 1 60 

d&emical TeclinoloirF; or Chemistry applied to the Arts and to Manufactures. 
By Professor Knapp andDrs. Ronolds and Richardson. 8 vols., 8vo. (vol. 1, 2nd edit.), 
Ulustrated with 776 woodcuts and 14 plates. London, 1848-05 . 18 00 

The vols, can be had separately. 
Vol. 1. Fuel and its Applications (Coal, Gas, Oil, Spermaceti, ko \ and their application 

to purposes of illumination. Lighthouses, Ac, Resin, Wax, Turpentine, Peat, Wood, 

Stoves, Ac, Ac, in 2 parts, 8vo., with 488 engravings and 4 platen. Price $9 00. 
ToL 2. Glass, Alum, Earthenware, Cements, Ac, Ac, Manufacture. 8vo., with 214 

engravings and one plate. Price 04 00. 
Vol. 8. On those branches of Ohemical Industry, Indading the prodnctlon of Food, and 

related to Agriculture. (Bread, Milk, Tea, OoflTee, Sugar, Tobacco, Ac) With 9 

engravings and 129 woodcuts. Price 05 00. 

Cltemieal Society* Quarterly Journal and Transactions of. Vols. 1 to 8, cloth . 27 69 
VoL 9, in course of publication. Subscription price, 08 00 per vol. 

Cflbenoist (Xlne)) or Reporter of Ohemical Discoveries and Improvements, and Protector 
of the Rif^ts of the Chemist and Ohemical Manufacturer. Edited by Charles and John 
Watt. 4 vols., 8vo., cloth. 1840-48 . . . . . . 10 00 

' A Monthly Journal of Chemical and Fhyrfcal Science. Commencing October, 1868. 

Price, per year or volume . . . . • . 8 60 

Cbertier (f. M.) Nouvelles Recherches sur les Feux d* Artifice. 2me edit, 8vo., 

avec gravures. Paris, 1S54 . . . . . . . 2 25 

ClaeTaiier* Reeueil de Memolres et de precedes nonveaux contenant la Photographle 

sur plaques metalliques et sur papier. 8vo., half bound, calf. Paris, 1847 . . 75 

Cbewalier (€•) Photographic sur Papier, Verre, et Metal. Galvanoplastle. Catalogue 
nniversei explicatif et illustre des appareils perfectionnea. 8vo., avec 8 planches. 
Paris, 1856 . . . . . . . . 62 

ClieTallier. Dictionnaire des Alterations et Falsifications des Substances Alimentaires, 
Medicamenteuoes et Commerciales, avec I'Indication des Moyens de les Reconnaitre. 
2me edition, 2 vols., 8vo. Paris, 1855 . . . . . . 8 25 

Clievallier, lABxayj and Roblqnet* Dictionnaire raisonne des denominations 
Chiniiques et Pharmaceutiques, contenant tons les termes employes en Ohimie, Ac, Ac. 
2me edit., tome ler. Paris, 1858 . . . . . . . 2 26 

CiftCwrenl* De la Baguette divinatoire, du Pendnle, dlt Sxploratenr, et des Tables Tour- 
nantes, an point de vue d'Hlstoire, de la Critique et de la Methode Experimentale. Svo. 
Paris, 1864 . . . . . . . . . 1 25 



The Principles of Harmony and Contrast of Colors, and their Application to 



the Arts. 12mo., 2nd edition. London, 1855 . . . . .8 75 

De la lot du Cootraste simultane des Coulenrs et de ses Applications. 8vo., et 4to. 



Atlas. Paris, 1889 . . . . . . . . ''^ 

Very sea roe. 

a. JBaUHertf 390 Broadway, »t*. F 
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CAavtfct* VtmrtXlM BadMrdiM for Udiflerenoe entreles Wvjen Tinalf ct VhtA^gmUgam. 

8ro. Parit, 1851 • • 00 

Cl#flf|f (S.) Tr«fttlM on the M anofactnre of Goal Gm. 4to. London . • . 8 87 

Codex* Phannneopeo Tnmcalse, redine i»ar ordra da fonTenwment, nyee appoidioe 

thorapeatlqae, par Oaaenare. 8to. Paris, 1887 . . 9 08 

In half calf . . . • ^ 8 80 

(^•loii«8e« Nooreaa Ifannel Gomplei dn Ooloriste, on InBtrQeUom UmpUioes ti elemen- 
tairos poor I'enluininare, le laria et la retoucbe d«s granures. NoutoUo odition. 18ido., 
aTOC 8 planches. Paris, 1856 • • • . . , . 70 

Cojles* Nouvean Manuel de la Fabrication des CoUes, comprenant la Fabrieatlon des 

CoUes de MaUeres Tegetoles, par M. Malpeyre. 12mo. Paris, 1868 . . 00 

Cooley (A* J*) Cjclopedla of Practical Receipts, and collateral information In fhe Arts. 
If anufactnres, Professions, and Trades ; including Medicine, Pharmacy, and Domestic 
Bconomy ; designed as a comprehenslye supplement to tiie PharmacopcBia, and general 
book of reference for the Manufacturer, Tradesman, Amateur, and heads of PamHies. 
8rd edition. 8to. London, 1608 • • 8 88 

Cooper (C.) Identities of Light and Heat; of Calorie and Electricity. 8to. Phlladel- 

pbia, IMS . . . . . . • . 10 

Cotte* Obserrations Meteorologiques. 4to. • . • • • 68 

Covlomb. Uethode de determlndr llnelinalson d*nne AlgoUle Ahnantea. dto. • 20 

Ciml^¥ (G* A*) Technical IMctionary ; or a DIetlonary ezplalnhig the terms need hi aU 

Arts and Sciences. ISmo. London, 1801 • • . 8 IB 

CnmmlllSf J* A Manual of Electro Dynamics. 8to. London, 1887 . 1 00 

Cnndsdl ( J«) The Photographic Primer for the use of beginners in the Collodion process. 

lUostrated with a Photographic Picture. Sd edit. 18mo. London, 1808 . . 81 

CnTier* Analyse de ses Traraux sur la Physique et la Chimie. 4to. . , 80 

INuriitlBi ( P* A«) Traite Elementaire de niysique Theorique et Ezperimentale, arte lea 
AppUcatlons a la Meteorologie et aux Arts Industriels. Tome ler. Ayec 800 graTures 
sur bois intercalees dans le teste. 8vo. Paris, 1856 . . . . 8 00 

nalton (Jollii)| Life and Sclenttfle Researches of. By W. C. Henry. 8to. London, 1804 8 SO 

~— Ohemic / Philosophy. 9 Tols., 8ro. London • . • . 8 00 

Danlell (J* F*) An Introduction to the Study of Chemical Philosophy ; being a prepo- 8 00 
ratory view of the forces which concur to the production of Chemical Phenomena. 2nd 
edition. London, 1848 • . . . . . . . 7 2t 

Very scarce. 

IHiTldL (H*) Methode de Pelntnre appliqaee unlquem«at a la Photographic de Portraits. 

2nd edit., 8vo. Paris, 1806 . . . . . ... 50 

ItaiTy (Sir H.) Chemical Philosophy. Sro. London . . . . 5 00 

— ^— ^ Account of the Safety Lamp for Miners. Sto. Ltmdon • • • 1 0(f 

See Kmapp*b Technology. 

Delamotte (P.) The Practice of Photography : a Manual for Students and Amateurs. 

With a Calotype Frontispiece. 8d edition revised. 12mo. London, 1808 . . 1 37 

■■ ■ The Oxymel Process in Photography. 12mo. London, 1S56 . . . 80 

De la RlTe (A*) A Treatise on Electricity in l*heory and Practice. 2 vols., 8vo. 

London, 1888-6 . . . . . . . 14 00 

^ (A,— A«) Traite d*Elec*rlcite Th&iriqne et applique. 2 vol., Svo., arec 269 pi. 

intercalees dans le texte. ParLs 1858-1886 . 4 00 

Les nombreuses applications de relectrlcite aux sciences et aux arts, les liens qui l*nni8- 
sent a touted les autres parties des sciences physiques, ont rendu son etude indispen- 
sable an cliiraiste aussl bien qa'au physicien, au geologue autant qu'au physiologiiite, 
a I'ingenieur comme au medecin ; tons sont appeles a rencootrer I'electricite sur leur 
route, tous ont besoin de se famiUariser avec son etude. Personne inieux que M.'de 
la Klve, dont le nom se rattache aux progres de cette belle science, ne pouvait pre- 
senter I'exposition de» connaissanceS acqulaes en electricite et de ses nombreuses 
applications aux sciences et aux arts. 

0eealfiH (P«) Lemons de Physique, a TUsage des Aspirants aux Baccalaureate et aux 

Eooles du GouTernement. 2 vols. 12mo. Figures intercalees dans le texte . . 9 08 

Deschamps. Art (1*) de Formuler, contenant: les Principes Elementaires de Phar- 

macie, etc. 1 vol., ISmo., avec 19 figures intercalees dans le texte. Paris . . 1 2^ 

Descloizea->x. Memoiro sur la CrlstalUsation et la Structure Interieure <lu Quarta. 
Svo., plus 4 pi; Paris, 1S56 ....... 

Deson ;e. Traite de Pliotographie sur ToUe, dernier Perfectlonnement. 8to. Paris, 1S55 75 

Dlsderl. Manuel Operatoire de photographic sur collodion instantane. 8to. Paris, 1854 11^ 

Renseigneiiieuts Photographlques ludispensables a tous. 8ro., de 8 fcuilles. 

Paris. 1S55 . . . . . . . . . 1 85 

Dodd (G.) Tlie Curiosities of Industry and the Applied Sciences. Svo. London, ISM . 1 UO 

Dorure. Nouveau Blanuel Coroplet de dorure et d'arjrenture par la metl)o<ie eleotm- 
ohiniiqne et par simple immersion par M. M. Selmi, de Valecourt, Malpeyre, etc. Nouv. 
e<lit , ires auguientee, ornee de figures. I2mo. Paris, 1856 . . i» Sh 

B. BaiUUrt^ SIfMI Bj/^auOwDoy^ JT. IT. 
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DoT« (ff • IT.) The Distribution of Heftt over the BttrfAce of the Olobei llHlstrEtad by 
Isothermal, Thermic Isabnormal, and other Ourrefl of Temperature. 4to., with map. 
London, 1^!0 *. . • . . • • .-6 00 

Du BolM-Rejrmond. on Animal Etectrlcitjt by Bence Jones. 8to. London, 1852 . 1 75 

Dttluunel de llEoncea.ii* Traite de la Fabrique des Manceayres pour les Talsseauz 

ou l*art de la Oorderie perfecttonne. 4to. Paris, 1747 . • . • 8 00 

I^llbranfknt. Art of Distillation and Rectification. 18mo. London. (Very Scarce) . 

linmas a.nd BonMliicaalt* The Chemical and Physioloi^cal Balance of Organic 

Nature: an E^say. 12mo. . . . t . . . 1 00 

Bli inoncel ( rii«) Projection des Principaux Phenomenes de I'Optique a Talde des ap- 
parent de M. Duboscq. 8vo. Paris, 1855 . . . . .60 

Expose des Applications de TElectricite. Tome ler. Notions Technologiques 2me 

edit., 8vo., avec 8 pi. Paris, 1856. (Cette edition aura deux vols peut-etre meine trois) 

Dttllia* (J*) Easai de Statique Chimique des Etres Organises, ^me edit. Paris, 1843 . 

■ Memoires de Chtmie. Avec 7 Planches. 8vo. Paris, 1848 • 

Traite de Chimie appllquee aux Arts. 8 vols, and 4to atlas. 8vo. Paris, 1828-46. 

Very scarce ....«.«•. 

Edition de Broxelles. 8 toIs. and 4to atlas • • • • 



1 25 


I 00 


160 


60 00 


80 00 


70 



Dann (M«) History of the Steam Jet as applicable to the Ventilation of Ooal Mines. 8vo. 

J^uplais (P.) Traite des Liqueurs et de la Distiliation des Aloools, on le Llquorlste et to 

J>istUlateur Modemes, oontenant, etc. 2 vols., 8to. Versailles, 1856 . . . 8 75 

Dumnd (Faufr*) Nouvelle Theorie Physique ou Etudes Analytlques sur la Physique 

et sur les actions CSiiiniqtte fondamentales. 8yo. Paris, 1854 . . .75 

BacreSa Noureau Manuel complet de la Fabrication des Kncres, teStes que Eneres ft 

Bcrire, Chine, de Gouleur a Marquer le Linge ike. 18mo. Paris, 1856 . . 1 00 

EtoflRM Imprliiiees* Nouveau Manuel Complet du fabricant d'Etofl^ Imprimeet et 

du Fabricant des papiers points, par L. S. le Normand. 18mo. Paris, 1856 . . 75 

JBzlftibltlon of 1851 (Lectures on the Results of the Great,) dellrered before the 
Society of Arts, Manufactures, and Commerce (Dr. Whewell, Professor Ansted, and 
others). 2 vols., post 8to., each . . . . . • • 2 25 

S*aradftT (Vim) Chemical Manipulations, being Instructions to Students In Obemtotiy. 

8yo. London, 1827. (Very Scarce.) ..... about 7 60 

— — Experimental Researches in Electricity. StoIs., 8to. London, 184MUS . .18 50 

The Sul^ect-matter of a Course of Six Lectures on the Non-metallic Elements. 



12mo., doth. London, 1858, . . • . . . . 1 75 

WWLU. (JT*) Dome lecons de Photographie. Description de precedes shnples et facllee, an 
moyen desquels on obtient, presqne InfaiUiblement, des epreuyes sur yerre et papier. 
18mo. . . . . . . . . .0 75 

Va,u. ei ClieTaller* Manuel du Physicien preparateur, ou description d'nn cabinet de 

Physique. 2 yols., 18mo., with an atlas of 83 plates. . Paris, 1858 . . . 8 76 

FAOclfter (!«•) Remarlcs on the Production of the Precious Metals, and on the Demonlti- 

sation of Gold in Seyeral Countries of Europe. 8yo. London, 1868, . • 75 

Fmure (J. X*) Analyse Chimique des Eaux du departement de la Oironde. 8yo. Bor- 
deaux, 1858 . . . . . . . • 75 

FiSntcr (Ma) L'Alchirale et les Alchimtstes ou Essai Historlque et Critique sur la Fbllo- 

soplile Uermetique. 2d edit. 12mo. Paris, 1856 . . . . . 1 00 

PniiicaBnr(Ii*B») Elements de Technologic ou Description des prooedes des Arts. Sro. 1 26 

1 rancls (G« IV.) llie Dictionary of Practical Receipts ; ccmtatnmg the Arcana of Trade 
and Manufacture, Domestic Economy, Pharmaceutical and Chemical Preparations, Ac. 
8yo. London, 1856 '. . . •■ . . . .250 

FreaenllM (Dr.) Instruction in Chemical Analysts. QnantitaUye. 8d edit. 8yo., doth. 

1865 . . . . . . . . 4 50 

Instractions in Chemical Analysis. Qualltatlye. 4th edit. 8yo., doth . . 2 79 

Fresenlns et Sace* Precis d' Analyse Chimique qnantitatiye. ISmo. Paris, 1845. 
{JSpuiM.) 

'- Precis d' Analyse Chimique qoalitattye. 1 yol., 12mo., fig. Paris, 1847. (J^mUs.) 

Vjfe (A*) El^ents of Chemistry. 8yo. London • . • . . 7 25 

— — — — Manual of Chemistry. 12mo. London • • . - ' • • 2 12 

Galloivay (R«) The First Step in Chemistry : a New Method for Teaching flie Dements 

of 'the Science. 2d edit. 12mo. London, 1855 . • • . .150 

— ^^— Manual of Qualltatiye Analysis. 12mo., cloth . •- • • 1 12 

— — — Chemical Diagrams, on four large sheets . • • . . 1 75 

^alTanoplsstle* Nouyeau Manuel complet de Oalyanoplastle, ou Elements dlElectro- 
metallnrgie; eontenant I'Art de reduire les metanx a I'aide du fluide vahranique, ete^ PM* 
Smee. Augmente d'apres MM. Jacoby, 8pen3^r< ESiottr, eto. Ouyrage poblto par & dt 
Valicourt. 2to1s., lomo. . . • . • • 1 15 

a. BaiUiert^ 990 jBraaApa|r» et*. !*• 



6 Standard Scientific Works. 

Oanot ( A») TralU ncmentalro de Pbyikiiie lzp«rimeDUIe efc AnpUqued, et d« Ueteoro- 
logte, aveo an reeuell nombreux de {Mroblemes, Uloatre de 500 grayares sur hois inter* 
calees dans le tezte. 6e edition, augmentee de 583 gravurei nouvettes. ISmo. Paris, 

Ibdo • • • • • • * • • » X t ^ 

Qms« Knitpp's Chemical Technology, or Chemlstrj applied to the Arts: Wvui and tts 

Application. 1 vol. In i Parti. 8vo. London, 1856 . .9 0* 

Thi« ii tlie most recent and complete work on Uie manufacture of Gas, Ac. 

CNw ItltflitUiC ( Jovraal of). Published In London on the 10th of every month. 

Price per year . . . • . • • . .8 7' 

6 Vols, are published. 

Oandin (ill* A*) Traite Pratiqae de Photographie, expose complet des procedes rela- 

Ub au Daguerreotype. 8to., hf. bd. cf. Paris, 184A • . . 1 6C 

Gmass (C F.) Intensitas Tis magnetica terrestrhi ad mensnram absoluium rerocata. 

4to. Qottingv, 1888 . . . . . . . . 1 6( 

CiAvarref (J.) De la Chaleur produlte par les Btres TiTants. 12mo., arec 41 figures 

dans le texte. Paris, 1855 . . . • . . . 1 5C 

Gerlimrdt. Introduction a lltude de la Chlmie par le SysteoM Unltaire. 19mo. Paris, 

1848 . . . . . . . . • . 1 0( 

Precis de Ghimle Organique. 8 t jh.. 8to. Paris, 184A . • . 4 U( 

In half calf . . . . . • • . 5 U( 

Traite de Oblmie Organique. 4 vols., 8to. Paris, 1865-6 . . . 10 0( 



Ce Traite est one suite a Beraelius. Oe oelebre chintlste etant mort arant d'aroir pa 
terminer son ouvrage, M . Oerhardt, anden professeur de chimie a Montpdller, sMst 
charge de terminer son travail et de le mettre an courant de la science actuole. 

Aide-memoire pour 1' Analyse Ohkniqua. ISmo. ParUf 185S . . Tft 



G«r]i«r4U et C^iuieel* Precis d^Analyse Ohtanlque. Umo., avec 48 gravures. Paris, 

1855 . . . . . . . 1 tt 

Glover (JBU HI*) A Manual of nementary Chemistry: beting a Class-book. Illustrated. 

12mo. London, 1855 • • . • . • . 9 M 

GntellB* Handbook ef Chemistry. Vol. 1 to 6, Inorganic Chemistry . • 14 00 

^ ^ VoLTtolO, Organic Chemistry, each ToL. . 4 66 

The work will be completed in 12 vols. (Cavendish Society Publications.) 

Goebol* Pharmaoeutlsdie Waarenkunde, mit lUumlQirten Kupfem. 9 vob., 4feo. ■!■•- 

nach, 1850 . . . . 10 00 

Gore (G.) Theory and Practice of Eleotro-Deposltlon, including every known mode o< 

depositing metals, etc. 8vo. London, 1856 . . . . . CO 

Gorlkam. Unfrequented Paths in Optics. Part 1. Light from a Pin-hole. Part 8. Light 

from a Fissure. 8vo. London, 1855 . . . . . • 1 85 

Gralkaai* Elements of Chemistry ; including the application of the Science in the Arts. 
By T. Graham, F.R.S. L. k E., Professor of Chemistry at University College, London. 
Sd edition, entirely revised and greatly enlarged, ooplotisly illustrated with Woodcuts. 
VoL 1. 18B6 . • .900 

■ Vol. 9. London and New York, 186T . . . • • 4 00 

This work, which ranks among the first on the nltfeot, is now complete. 

' Chemical Catechism. 8vo. London • . . . . 4 75 



Oresorjr (Wm*) Elementary Treatise on Chemistry. 18mo. Edinburgh, 1806 . 1 50 

■ Handbook «f Inorganic Chemistry. For the use of Students. 8d edition. 12mo. 
London . . . . . . . • 1 75 

Handbook of Organic Chemistry, for the use of Students. 4th edition, corrected 



and mwsh extended. Izmo. London, 1856 . . . . . fc 69 

Grlfltn* Treatise on the Use of the Blowpipe. 18mo. London. (Scarce.) 

Griffin (JT* JT.) Chemical Recreation. Div. 1, post 8vo. . . « • 60 

Grlffit]ft(T.) Chemistry of the Four Seasons. 12mo. London, 1808 « • .8 85 

Growe (1¥. R.) On the Correlation of Physical Forces. 8d edit. 8vo. London, 1866 . 2 25 

Grnyer (I«« A.) Prlnctpes de Pbilosopbie Physique pour servir de base a la llctapl^- 

Bique de la Nature, et a la Phyiique Experimentale. 8vo. Paris, 1845 . 1 75 

Guibonrt* Histoire naturelle des drogues simples, ou Ck>urs «1*hi8toire naturelle professe 
a l*Ecole de Pharmaele, quatrieme edition, augmentee. 4 va , 8vo., avec 600 fig. Inter- 
calees dans le texte. Paris, 1849 . . . . . . 7 SO 

Halfbound in Paris . . . ... .9 60 

rCet ouvrage, que tons les pharmaclens considerent comme nn Vad&4tueum de pre- 
mise neoesslte, parce que la grande exactitude apportee par Tauteur dans la descrip- 
tion des drogues leur permet dedistinguer les dl verses especes et varietee qui se rencon- 
trent dans le oommerce, ainsi que les falsifications qu'on leur fkit subir. Cette quatrieme 
edition a ete soumlse a une revision generdle, et les augmentations ont ete teilement 
importantest qu*on pent la considerer comme un ouvrage entierem'ent neuf. C'est un 
Oimr§ oompUt fAitMre noHirMe phartnaceuUqu* ei medicale, que les medecins 
cojDsulteront tofUours avec fruit.] w«v«« 

GnlUurlU HUtoire de PSectricite. 19mo. Pails, 1864 , , . .100 

Guriiey* Lectures on Chemistry. 8vo. London . . * f 66 



Standard Scientific Works. 



Hardy (H. Tt'. II •) Incidental Remarks on some principles of Light ; being Part 8 of 

an Kosay on Vidiou. 8vo. Londou, 1866 . . . « . 1 00 

Hardivieli (T* F.) A Manual of Photographic Chemistry, including the Practice of 

Uie Collodion Process. 2d edition. 12mo, cloth. London . . . 9 00 

Harris (Sir AV. 8.) Rudimentary Treatise on Oalvanism, and the general principles 

of Animal and Voltaic Electricity. 12mo., Ulostrated, cloth . . . 50 

Ha«sal(l«H>) Food and its Adulterations. With 169 illustrations. 8yo. London, 

1S55 . . . . . . . . . . 8 fiO 

Ileal li. Photography. A New Treatise^ theoretical and practical, of the Processes and 

Manipulations ou Paper and Glass. Svo. New York, 1855 . • . . 1 (X) 

Hcdley (Jobn). Practical Treatise on the Working and Ventilation of Coal Mines; 

with sugge:stiouii for Improvements in Mining. Svo., cloth . . . . 8 7>'> 

lEcnnab (T. H.) The Collodion Process. 4th edition. 12mo. London, 1355 . 80 

Henry (!!'•) Elements of Experimental Chemistry. 2 yoIs., Svo. London . . 10 tu 

Her line (A.) Trait«de Photographic sur Collodion Sec 2e edition. 129k0. Paris, 1856 50 

HiffbCon. Treatise on the Electric Telegraph. 12mo. London, 1852 . .0 60 

Uindtt (Dr. M^«) The Harmonies of Physical 8cience in relation to the Higher Senti- 
ments, with Observations on the Study of the Medical Sciences, and the Moral and Scien- 
tific Relations of Medical lAU, Pcap. Svo. London, 1858 . . . . 50 

Hoef er (<-'•) Nomenclature et classification chimiques, sulvlefl dMin lezfque faSstorique et 
synonymique comprenaot les noma anciens, lea formules, lea noms nouTeaoz, le nom et 
la date de la decouverte des principaux produits de U chimle. 12mo., avec tableaux. 
Paris, 1845 . . . . . . . . . 75 

Hoef er* Hist, de Chlmie depuis les temps les jjUxa recoles Josqu'a nosjoars. 2 vols., 8to. 
Paris, 1842. (Very scarce.) ....... 

Hood (€•> A Practical Treatise on Warming Boildhogs by Hot Water, on Ventilation, Ac 

8d edition. Svo. London, 1856 . . . . . . 8 25 

Hopkins (TJ On the Atmospheric (Jhanges which produce Rain and Wfand. 2d edit. 

Svo. . . . . . . . • • .160 

Hopkinson (J.) The Working of the Steam Engine Explained by the Use of the Indi- 
cator. Svo. London, 1864 . . . . . . . 1 60 

Horsley (J* A») A Catechism of Ohemioal Philosophy ; being a famiUar exposition of 

the Prhiciples of Chemistry and Physics. 12mo. London, 1866 . . . 2 00 

Houseau* Physique du Globe et Meteorologie. 18mo., with plates. Brussels, 1864 . 68 

Ho'nrajrd. (Luke*) Seven Lectures on Meteorology. 12mo. London, 1848 . .100 

Hoivletf (R.) On the various methods of Printing Photographic Pictures npon p^er, 

with suggestions for their preservation. 12mo. London, 1866 . • . 81 

Hnnt (Robert). Researches on Light. Svo. London, 1844 . . . 8 00 

" Photography : a Treatise on the Chemical Changes produced by Solar Radiation, 

and the prodncUon of Pictures Arom Nature. ISmo., clo. London . • • 1 76 

Hureanx* Histoire des Falsifications des Substances Alimentaires et Medlcament«n8es, 
precedee d'nne Instruction Elementaire sur 1' Analyse, et suivie des Essais et Analyses 
Qualitatives pour Reconnaltre Instantanement les produits Chimiques usites en Phar- 
made, dans les Arts et dans Tlndustrie. 1 voL, 8vo. Paris, 1866 . . . 1 76 

Inorganic Clieniiet I y (First Outlines of). 12mo. London . » .126 

Isadore CrvoflVoy Salnt^Hllalre* Lettres sur les Substances AUmeAtahrcset par- 

ticulierement sur la Viande de (}heval. ISmo. Paris, 1866 . . . . 62 

III ustrated Sttandard IScientlllc Worke (Library of), beautiftiUy printed and 
illustrated. Original Loudon editions at the price of the Reprints : 

Hnller'n Principles of Physics and Meteorology. With 680woodcut8 and 2 colored 

engravings. Svo. . . . . . . . 4 00 

DVelvbaclft'e Mechanics of Machinery and Engineering. Yols. 1 and 2, with 900 

woodcuts . . . . . . . • 7 60 

Tretinoloflry • or* Chemistry applied to the Arts and to Manufaetmres. By Drs. 

Kh^pp, fioMOLDS, k RiCHARMOH. Splendidly illustrated. 8 vols., Svo. . . 18 00 

C|nekett*s Practical Treatise on the use of the Microscope. With Steel and Wood 

Engravings. Svo. 8d edition, with additions . . . . 6 00 

Graham's Elements of Chemistry, with its applications In tiie Arts. 2d edition, 

with intimerable woodcuts. Vol. I . . . . . 3 00 

Fan's Anatomy of the External Forms of Man. For Artists. Edited by R. Khoz, 

M.D. Svo., and an atlas of 28 plates 4to. Plain, $6 00. Colored, . . 10 00 

Nlchol'e Architecture of the Heavens. 9th edition. Entirely revised. Steel 

Plates and Woodcuts . . . . . • 8 00 

lattchell (.T.) Manual of Practical Assaying. 2d edition, much enlarged. Svo. 

London, 1866 . . • . . . . . 6 00 

Jobnson ( J« F« TF*) Instructions for the Analysis of Soils, Limestones, and Muiares. 

8d edit. 12mo. Edinburgh, 1866 . . . . . • 80 

■■ The Chemistry of Oonmion Lif^. 2 vols. 12mo. Edinburgh, 1865 • • 8 00 
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Johnson (J* F* W.) Bements of Agricultaral Chemistry and Oeology. 19mo. Wk 

edit. London, 1353 . . * . 9 00 

Jonrdaln* Phanuacopee Uuiverselle, ou Condpectug de toutes lc8 Pliarmacopees. 2 toIs. 

in-d. 8 edit. Paris, 1840 . . . . . . 6 85 

Joyco (Kev* JT.) Scientific Dialogues intended for the instruction and entertaiDment of 

young people. 12mo. London, 1^2 . . . ... • 75 

— — ^— Dialogues on Chemistry. 3 vols. 18mo. . . . . . 2 75 

Jnlien* Queiqucs points de Science dans I'Antiquite. Physique, Hetriqae, Blusique. 

8vo. Paris, 1854 . . . . . . . 2 00 

WLmMMktMm A Complete Course of Meteorology. With additions by C. T. Wallcer. 1 rol., 

post Sto., pp. 624, with 15 plates., cloth boards. 1845 . . 8 00 

KAno (Sir Robert). Elements of Chemistry, theoretical and practical, including the 
most recent didcoreries and applications of the Science to Bledecine and Pharmacy, to 
Agriculture, and to Manufactures. Illustrated by 200 woodcuts. 8yo., cloth . . 8 00 

Kemp (T« !«•) The Pliasis of Hatter ; being an Outline of the Discoveries and Applica- 

tious of Modern Chemistry. 2 vols. 12mo. London, 1865 . . . . . 6 00 

Agricultural Physiology Animal and Vegetable. For Practical Agriculturists. 

12mo. Edinburgh, 1650 . . . . . 2 00 

Kerr (T«) A Practical Treatise on the cultivation of the Sugar Cane, and the Manufac- 
turing of Sugar. 12mo., cloth . . . . 1 50 

Knapp^ RonoldSy and Kleliardson* Chemistry in its application to the Arts 
and Manufactures : 

Tol. I. — Fuel and its Applications — Coal, Gas, Oil, Spermaceti, Ac, and tlicir applica- 
tion to purposes of lilumiuatiou, Lighthouses, Ac. — Resin, Wax, Peat, Wood, Stoves, Ac, 
Ac, in 2 P«rte, 8vo., with 488 Engravings and 4 Plates . . . . 9 01 

Tol. IL — Glass, Alum, Earthenware, Cements, Ac, Ac, manufacture. 8vo., with 214 
Engravings and one Plate . . . . . • . 4 00 

Tol. III. — On those branches of Chemical Industry, including the Production of Food, 
and Related to Agriculture. (Bread, Milk, Tea, Coffee, Sugar, Tobacco, Ac.) With 9 
Engravings and 129 Woodcuts . . . . . . . 5 00 

Kobell* Slcetches from Uie Mineral Kingdom. Post 8vo. Loudon, 1858 . . 1 60 

Tol. III., embracing sugar, coffee, tea, Ac, with 7 folio coloured plates, . • 5 OO 

Knlffl&t* Dictionary of Arts, Commerce, and Manufactures. 8vo. London, . . 2 |K^ 

Kyan (J*. H.) On the Elements of Light, and their identity with those of Matter, Radi- 
ant and Fixed. 8vo. London, 1883 . . . . . . 8 00 

I«aboulaye« Dictionnaire des Arts et Manufactures, de I'AgricuIture, des Mines, etc. 
Ouvrage formant 2 tres forts volumes in 4to., et iUustre de 8,000 gravures. Now com- 
plete . . . . . . . . . 15 OC 

£>aeambre. Fabrication de la Biere et DistiUation des Alcools. ToL 1 8vo. (For the 2 

Tois.) . . . . . , . ...50C 

JLaean (B.) Esquisses Photographique? a propos de PExposition UniverseUe et de la 

Guerre d'Orient. 12mo. Paris, 1856 . . . . . . 75 

I<anibert» Sur la Meteorologie. 4to. • . . . 25 

I^ame (G.) Cours de Physique de *rEcole Polytechniqoe. S Tois., en 8 ParUei. Svo., 

avec 17 planches. Paris, 1886-87.: (Very Scarce.) . . . ^ 5 OC 

I«ardner (D.) Handbook of Natural Philosophy. Hydrostatics, Pneumatics, and Haat 

12mo. London, 1855 . . . . . . . . 1 80 



The Museum of Science and Art. 10 vols., 12mo. Illustra/'jd by engravings on 



wood .'. • . . .685 

Handbook of Natural Philosophy and Astronomy. Third Course — Meteorology ; 



Astronomy. Svo., with 87 lithographic plates and upwards of 200 illustrations on wood, 
clotli. London, 1858 . . . . . . . . 6 00 

— — A Treatise on Heat. 12mo. London, 1856 . . . . . . . 1 00 



Iriassalffne* Dictionnaire des Reactifs Chimiques employes dans toutes le ' 'experiences. 

Svo.Tg. Paris, 1889 . . . . . . . 2 00 

Ijaurent (IHT*) Previa de Cristallographie suivi d*une Methode Simple d'Analyse au cha- 

lumeau. 12mo. Paris . . . . . • . 87 

Ijaurent (AUff.) Blethode de Chimie. Precedee d'un Avis au Lecteur, par M. Biot. 1 

vol., 8vo., avec figures dans le texte. Paris, 1854 . . . . . . 8 00 

Ijaurent (A«) Chemical Method, Notation, Classification and Nomenclature. Trans- 
lated by Odling. London, 1855 . . . . . . • 8 50 

(Cavendish Society Publication.) 
E«e Gray* Nouveau Traite de Photographie sur papier et sur verre. Svo. Paris, 1851 • 75 
lieliinann. Physiological Chemistry. With Illustrations. 2 vols. Svo. Philadelphia, 

1856, . ... . , .600 

— — — Chemical Physiology. Translated by J. 0. Morris. Philadelphia, 1856 . . 2 25 

— Precis de Chimie Pliysiologique AnimaJe. Traduction duProfesseurDrion. Paris 

1856. 1 vol., gr. 18mo., avec. fig. ' . • , , , ! 1 85 



Standard Scientific Works. 9 

li'Hevttler (8. D.) Tratte de Ohimie Fatholoylque on Reoherch«i ehimlqnei mir lai 
bolides et les liqaides du corps humain, dans lean rapports arec la PhysSolofie et la 

Patbologie. 8vo. Paris, 1842 . . . . . . S 85 

IjC Normand* L*art du distillateur des eaux-de-vie. 2 vols., Svo. Paris, 1817 . 8 00 

Ijer ebours. A Treatise on Photography, by J. Egerton. 8vo. London, 1848 . % 00 

I«ereboar« et Seeretan. Traite de Photographie. 5e edit. 8vo. . . . 1 00 

IjeTe«qiie« Art of Brewing and Malting. 4th edit. 8ro. London, 184f . . 7 00 

I«ieblg (J. T«) Chemistry and Physics, in relation to Physiology and Pathology. 8d edi- 
tion. 8vo. . . . . . . . . . 75 



Noavelles Lettres snr la chimie, tradoites par Gharles Qerhardt. ISmo. Paris, 



1852 . . . . . . 75 

— - Letters on Chemistry. 12mo. London . . . . . 2 00 

Researches on the Chemistry of Food. 8v'o. London . . . • 1 OS 

Principles of Agricultural Chemistry, with special reference to the late researches 



made In England. 8vo. London, 1855 . ... . . . 1 12 

Handbook of Organic Analysis, containing a detailed account of the various 



methods used in determining the elementary composition of Organic Substances. Edited 

by Hoflknan. Post Svo., woodcuts, Loudon, 1868 . . . . 1 60 

lilebis and Kopp*s Annual Report of the Progress of Chemistry, 4c 4 vols., cloth. 

1858. (To be continued. ) . . . . • . . 10 00 

liifrlfti : It Nature, Sources, EflSects, and AppUcatlons. Illustrated by a Photograph. 12mo. 

Loudon, 1856 . . • . . . • . 1 25 

liOlUe (€•▲•) Praetieal Photography on Glass and Paper. Sdedlt. 12mo. Sewed. 1856. 81 

I«OTe (T«) The Art of Cleaning, Dyeing, and Scouring, kc. 12mo. London, 1664 . 2 25 

lM>ir (DaTid>« AuInquirylntotheNatoreof the Simple Bodies of Chemistry. Sdedlt. 

8to. London, 1856 . . . . . • 2 75 

I^O'vrlc* Principles of Organie and Physiolc^eal Ghemistrj, by D. Breed. 8to. Phila- 
delphia, 1868 . . . . . 8 60 

BKadcenxle (0») One Thousand Prooesset in Manufactoref, and Experiments in Chemls- 

8to. London, 1825. Half bd. ...... • 8*60 

— — — Theory and Experiments in Chemistry. Sro. London, . 6 50 

McGavley (Rev* JT. Hir*) Lectores on Natural Phflosophj. 2 toIs. 8to. London, 

1850. Halfbd. . . . . . . . .6 00 

BtalaiTUti (F«) Lecons de (Thimie Agrlcole, Professees in 1847. 18mo. Paris, 1856 . 1 00 

■ (J*) Lecons Elementahres de Chimie. 2 vols. 12mo., arec 104 flgores interoalees 

dans le texte. Paris, 1858 . . • • . . . 2 50 

BEareet (!¥•) On the Composition of Food, and how it is Adotterated; with practieal 

directions for its analysis. 8to. London, 1856 . . . . 2 00 

Maitenu Esqvlsse d*une nourelle classification Ohlmique des Corps. 4to. . • 25 

■-"- Combustion dc la rapeur alcooUque et etheree, autour d'un fit de Platine. 4to. . Wk 

•~— —— Sur la theorie Chimique de la Respiration et de la Chaleur Animal. 4to. . 50 

Marttiia (A.) Handbuch der Photographic. Dritteauflage. 8to. Wien, 1852 . 2 8: 

Matlier ( Jamee)* Coal Mines, their Dangers and Means of Safe^. 8vo., woodcuts. 

London, 1858 . • . . . . . . . . 1 12 

Blattenel. Cours Special sur ^Induction, le Mapietisme et sur les relations entre la Voroe 

Magnetique et les Actions Moleculaires. 8vo. Paris, 1854 . . . . 1 50 

nattencct et SaTl* Traite des phenomenes Electro-PhysIoIogiquM des animaux. 

8to. Paris, 1844 . • . . . . . 2 00 

niattlievirs (Hr.) Compendium cfOas Lighting. 12mo. London • • .125 

Historical Sketch and Origin of Gas Lighting. 12mo. London . . 2 25 

Memoiree d*AgrivuIture, d*Economie Rurale et Domestique, publics et par la Societe Im- 

periale et Centrale d' Agriculture. Annee 1854. lere partie, 8to. Paris, 1855 . 1 60 

nieeater* Observations sur les grandes Chaleurs, la Secheresse, etc., de la Seine a Paris, 

4to. Pendant 1793 . . . . . . • • 60 

JHetcalfe (S. T ) Caloric ; its Mechanical, Chymical, and Tital Agencies in bbe Pheno- 
mena of Nature. 2 vols., Svo. . . . , . • . 10 60 

JHIalhe* Chimie apptiquee a la Physiologic et a la Therapeutiqua. Svo. Paris, 1855 . 2 50 

JHIller CW* A«) Elements of Chemistry, Theoretical and Practical, extensivdy illus- 
trated. 8 vols. Svo. liOndon, 1855-57 • • • . • 14 00 
Just Completed. 

IH Olar (James). Elements of Chemistry. 8vo. London • . . 8 75 

MUler CW.) (Cashier to the Bank of England.) Decimal Tables used at the Bank of 
. England, for reducing Gross weight of Gold and Silver to Standard. 4to. London, 1854 1 25 

XEillon (Iff* 12.) Etudes dc Chimie Organlque faltes en vue des Applications Physiolo- 

logiques ei Medicalus. Svo. Lille, 1842) . . . . . . 75 

MI. BaiUiere^ 990 Broadway^ »V. JT. 
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mtllon (nr. E») dm PhanomeaM qui M prodolMiit da oontMt d0 Plan <ft 4« Bto «l d0 

leur OonieqaenceB, Indastriellec 8fo. Paris, 1854 • • • • 60 

Jiltclaell (J.) Manual of Practical Aasaying, intended for the ue of MetaUorgfsti, 
Captains of Mines, and ▲ssaTcrs in general. With a coploos table, for the piurpose of 
aocertaiainff in AMajs of Gold and Silver the precise amoant, in oonces, pennyweights, 
and grains, of noble metal contained in one ton of ore, from a given quantity. 1 vol., 
8vo. 8nd edit. London, 1854 . • • . . . . 6 OO 

-^— -^ Treatise on the Adulterations of Food, and the Chemical means employed to 
detect them. Containing Water, Flour, Bread, Milk, Cream, Beer, Cider, Wines, Spirit- 
uous Liquors, Coffee, Tea, Chocolate, Sugar, Honey, Losenges, Cheese, Vinegar, Pickles, 
Anchovy Sauce and PasU, Catsup, Olive (Salad) Oil, Pepper, Mustard. 12mo. Lon- 
don, 18& . . . . • . . - . 1 50 

niolinio* Tralte de Telegraphic Electrique. 8vo., and atlas. Paris, 1888 . . 8 T5 

. Repertoire d'Optique. 4 vols., 8vo. Paris, 1849-50. (Tery scarce.) . 

IIIorehead(«») Essay on Inebriating Liquors and Distillation. 8vo. London . 4 75 

SEorflt (C.) A Treatise on Chemiotry applied to the Manu&ctnre of Soap and Candles. 

New edition. 8vo., woodcuts. Philadelphia, 1850 . . . . 00 

REnlder (G« JF«) The Chemistry of Vegetable and Animal Physiology, with intro* 
duction and notes by J. E. W. Johnston, and twenty illustrations, colored and plain. 
8vo., cloth . . . . . . . • . 8 50. 

Mailer. Principles of Physics and Meteorology. Illustrated with 500 Woodcuts, and 8 

colored plates. 8vo. London, 1847 . . . • • . 4 UQ 

Hnrpliy (Rev* B*) Elemeptary Principles of the Theories of Electricity, Heat, and 

Molecular Actions. Part I. 8vo. Cambridge (England), 1888 . . . 8 85 

Murplfty (P«) Rudiments of the primary forces of Oravi^, Magn^tjsin, and VfietfUHj 

in tiieur Agency on the Heavenly Bodies. 8ve. London, 1880 • • • 4* 0^ 

Mumiy'* System of Ohemistty, 4 vols., Sto* Lcmdoo • • . , 18' Tl^ 

■ ■ Sketch of Chemistr^f. ISmo. London . . , • « 8 25. 
Manual of Chemical Experiments. 18fflo. London • • • .. 1 50 

Chemical Tables and Diagrama.. SvOk liiOAdoa • « • % 1 00 

— i- — Elements of Chemistry. 4 vols., 8vo. London « . • * 7 50 

Muspratt (9r. S.) The Uve of the Btovplpe, hi the QwaHiUillv* and a««i»liittl¥» 

Examination of Mineral, Ojres, Fturnace products, and other metallic comblnationH. 
, By Platner. 8vo., cloth . . . . . . • 8 00 

I Chemlsti7 Theoretical, Practical, and Analytical, as applied and relatiog to the. 

Arts and Manufactures. Royal 8vo. Div. 1 and 8. London, 1856. Each . 8 68 

Each division of this fine work contains 4 portraits (engraved on steel) of the; most 
celebrated ohemists. 

Will be eompleted la about 6 dlvUioas. 

Hapier (JT.) Manual qf Electro-MetaUurgy. Posi 8vo. 18B8 • • . 1 00 

A Manual of the Art of Qyeing. 8vo, with tUnstratlona. London, 1888 . 1 85 

NesMt (J. €•) On Agrieultural Ohemlsti/, and the Nature and Properties of Peruvian 

Ouano. 8d edition. 8vo. London, 1858 • . • • . 1 85 

Ntobet(\ir.) Dictionary of Cheaalstry, 18mo. London . . Jl50 

Nicollet (M.) Atlas de Physique et de Meteovolofie Affrieoka. Chrsnd ia^ULt de 18 pk 

eoLt avec tableaux et texte. Paris, 1855 . . . . . • 18 50 

Noad (H. in.) A Manual of Electrlei^, including GalTanism, Magnetism, Diamagne- 
tism, Electro-Dynamics, Magneto-Electricity, and the Blectrio-Tel^raph. 4th edltlmi^ 
entirely rewritten. Part I. Electricity and Galvanism. 8vo. London, 1856 . . 5 00 

■ Clhemical Manipulation and Analysis Qualitative and Quantitative. With an intro- 

duction explanatory of the general principles of Chemical Nomenclatnret Ac 8vo. 
London, 1858 . . . . . . . . . 8 00 

Lectures on Chemistry. 8vo. London • • • • . 8 75 



Nomutndy* Commercial Handbook of (Aemlcal Analysis. Post 8vo. London, 1850 . 8 75 

A Practical Treatise on Chemical Analysis, Quantitative and Qualitative. By 

Rose. 2 vols., 8vo. London, 1848 . • . . , . 10 85 



An Introduction to ditto, 8vo. London 



Orilla. (IK* P.) Elements of Modem Chemistry. 8vo. London • 
Ottley(W*C.) Dictionary of Chemistry and Mineralogy. 8vo. London 
Paris (J* A«) Elements of Medical Chemistry. 8vo. London 
Pamell. Treatise on Dyeing and Calico Printing. 8vo. London • 

Elements of Chemical Analysis, Qualitative and Quantitative. 8vo. London. 1840l 



8 75 
885 
400 
475 
818 



Reduced to. . . . . . . . .875 

Applied Chemistry in Manufactures. Vols. 1 and 8. 8vo. London. Each . 8 75 



Pajren, Cours de Chimie Appllquee, professe a TEcole Centrale des Arts et Manufiictures, 
et au Conservatoire des Arts et Metiers. Redige par Dellisse et Poinsot. Ire partie : 
Ohimie Organiqne. 8vo., aveo atias folio de 50 planches. Pails, 1847 . • f 88 
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Pa7«»« Pveote de Chimie Iiidii8trl«IIe, a l*vuukg^ det Boote prapftntolrw anz Prof«g- 
sions lodufltFiellei d«B febrioants, et des agrlonlteairs. 8d edtt. 8to., avee atlas de 
planches ia Sto. Paris, 18^ . . . . . . . 4 60 

Payen et RIcliard* Freeis d'Agrieulture fheoriqa« et pratique, t toIs., 8to. 

Paris, 1861: . . . . . . . • . 8 75 

Peckston (T« S.) Treatise on the Manufacture of Gas. 8to. London • . 7 76 

Peclet (£•) Traite elementaire de Physique. 4me edition..2 vols., 8vo., atlas, Paris, 1847 8 75 

— ^-^ Traite dela Ghaleur, coneideree dans ses applications. Troisieoae edition enUert- 

ment refondue. Un atlas de 122 planches et an vol. de teste. Liege « • 12 60 

Do., 2 vols., 4to., et atlas. Paris . . . . . .^ 17 60 

Le supplement, separement, 1868. 4to. • . • • . 2 25 



Peloiiae. Traite de I'llclairage au Gas tire de la Honille, des Huiles, de Hesinee, etc. 
1 vol., 8vo., et 24 pi. (Scarce.) . . • • . • • • 

Peloux et Frenry. Traite de Cbimie generate, comprenaat les applications de cette 
Science a TAnalyse Chimique, a l*Industrie, a I'Agriculture, et a I'Uistoire Naturellc. 
2nde edit. Tomes 1 a 5 et aUas. Paris, 1864-66 . . . • • 12 00 

II y aura un 6e vol., qui sera donne gratis. 

Abrege de Ohimie. Troisieme edition, conforme aux nouveax programmes de 



I'enseignement scientiflque des Lycees* 8 vol., grand 18mo., avec 174 figures intercalees 
dans le texte. Paris, 1866 .....•• 

Notions Oenerales de Ohimie. IJn bean volume imprime aveo luxot accompagna 



d'un Atlas de 24 planches en couleiur, cartonne, ^aris, 1868 *. » . 5 60 

Peltier (A») Meteorologie. Observations «t Becherches experimentales, 8v<q. 

Paris, 1840 . , , . . « « . . S 00 

Perelra* Lectures on Polaris^ Light. SecoaA editioD, greatly enlarged fk;om mMerials 

left by the author. Edited l>y Proi;. PowelSi of Oxford. 12qm>.| woodcuts. London, 1854 2 25 

Peraoas. Traite theorique et pratique de IMmpresgion des tissus. 4 beaux vol., 8vo., a^ee 
166 figures et 4St9 echfntiUons d'etoffes«. intercales dans le texte, et accompagnes d'un 
atlas de 10 pi. 4to., gravees en taiUe>douce, dont 4 sent colpriees. Ouvrage auqu^ la 
societe d*encouragement a accorde une medalUe de 8,000 fr> Paris, 1846 , «. 17 00 

PliamiaceaticaJI Jammal and TransaettoM, Veto. 1 to 16. Half bound. LoQ4oft» 

1841 to 1866 . . . . . . . , . 60 00 

Annual Subscription (pnbUslMd monthly) ^ , . . % 8 76 

Pliaraiacar«Bia* The New London* indttding also the DuhUn and BdliriMirgli Pbai^ 

macopnias by J. B. Nevins, M.p. 8vo. London, 1861. « • • • 6 00 

Pliillipe (J* A.) Gold Mining and Assaying; a Scientifle GiMde for AwrtraHlaa Bmih 

grants. 12nio. With woodcuts, London, 1862. . . , ^ , 1 00 

-——^— Manual of Metallurgy. Post 8vo. New edit. London, 1864. . .. » 8 76 

PlftilliPB (R«) A Million of Facts of correct data and elementsjfy eonstapts )» the 
entire circle of the Sciences, and on aU subjects of speculation and practice^ New (^t. 
12mo. 1866. . • • . , .. . « ,862 

Pliiloeopl&lcal Transactipn* of the Boysl Sooletiy of LoBdon, trota, 1826 to X&S/X, 

inclusive, forming 25 vob. 4to. Half bound in Bussia • . . 180 00 

(Published price, £70 unbound.) 

Please (SU) The Art of Perfumery, and the Method of obtaining Odors of Plants ; 
with instructions for the Manufactiwe of P^rftunes for the Handkerchief, Scented Pow- 
ders, Odorous Vinegars, Dentiflriees, Pomatums, Oosmetiques, PerfUmed Soap, Ao* 
With appendix, 4o. Grown 8vo., eloth. London, 18M. . . . • 2 25 

Plattner (C* F.) Tableau de Oaracteres que presentent au CSudumeau les alcalis, les 
terres et les oxydes metalliques, soit seuls, soit avec les reactift. Traduit de I'AIlemand 
par Sobrero. 4to. Paris, 1848 • . . • . . • 60 

The Use of the Blowpipe in the Qualitative and Quantitative Examination of 

Minerals, Ores, ftirnace products, Ac. 8vo. London, 1860 . • . 8 00 

Polseon (S« D.) Tbeorie Mathematique de la chaleur. 8vo. 1886 .0 60 

Pouillet* Elements de Physique Experimentale et de meteorologie. 7me edition. 

2 volumes, 8vo. de texte et un volume de 40 pL 8vo., 4to. Paris, ISSS . . 4 60 

Prechtl (jr« jr«) Technologische Encyclopasdie oder alphabetisches handbuch der Tech- 
nologie der Technischen Chemie und des Maschinenwesens. Vols. 1 to 18. 8vo., und 
plates fol. . . . . . . . 

Prideanx (T* S.) On Ec<momy of Fuel, particularly with reference to Beverberatory 

Furnaces for the Manufacture of Iron* and to Steam Boilers. 12mo., cloth . . 80 

Praat (1¥.) Treatise on Chemistiy, Meteorology, etc. 8vo. London • • 4 60 

<|aetelet (A.) Positions de Physique. 8 vols. 18mo. Brussels, 1884 . * 2 00 

Rammelabergr (C* W») Lehrbuch der Stochiometrie und der Allgemelnen theoreti- 

schen chemie. 8vo. Berlin, 1842 . . . . . . 1 75 



Anfangsgrunde der quantitativen Mineralogisch, and Metallargisch, anaytisohen 



Chemie durch Beispiele erlautert. 8vo. Berlin, 1845 . . . . 1 76 

Leiefaden fur die Qualitative (3hemische Analyse, mit besonderer Backsioht auf 



H.' Bose, Handb. der analyt. Ohemie. 8vo. Berlin, 1848 • • . . 75 
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RMipAll (F* V*) Nonreatu BlyttMEie de Ohlmie Orfaniqae, fonde tor de nottrdles 
methodes d'obserrationB, precede d'on Tntlte complet sur Part d'obflenrer, de maoipaier 
en grand e( en petit, dana le laboratolre ei snr le porte-olget da microeoope. Deuzieme 
edition, enticement refondue, accompafnee d'un atlas in-i de 80 pUoeiies de figures 
deulneetd'apret nature, gravces et colorieea avec le plos grand soin. 8 vols., 8to., atlas 
4to. Paris, 1888 . . . . . 7 5C 

» ■ — NouTeau Sjrsteme de Ph jsiologie yegetale et de Botaniqne, fonde sur les methodes 
d'obsetYations deTeloppes daus le nooVeau systeme de chlmie organlque, accompagne 
de 80 planehes contenant pros de 1,000 figures d*analyse dessineee d'apres nature et 

Sarees avec le plus grand soln. S forts Tol., 8to., et atlas de 60 planches. Paris, 
Of • • • • • • • • •• OU 

' ' Le meme ouvrage, planches coloriees • . . . . 12 50 

Heads* Tbeorie Gcnerale sur les Bffets DjnamSques de la Qhaleur. 4to., arec planehe. 

ISfti . . . . . . . . . 8 00 

Beg'HanH (W • Iff*) Cours Elementaire de Ohimie, a I'usage des Facultes, des BtaUis- 
sements d*Bnselgnement secondaire, des Ecoles Normales et des Eeoles Industrielles. 4 
vols. 12mo. 4th edit. Paris, 1858-4 . . . . . . 5 00 

— — — Elements of Chemistry. Translated by Betton and Taber. 2 Yols. 8ro. 700 

woodcuts. Philadelphia, 1858 . . . . . . 7 50 

Relations des Experiences entreprises pour determiner les principales lois et les 



donnees numeriques qui entreat dans le calcul des Machines a Vapeur. 4to. Paris, 
1847. (Scarce.) . . . . . . . . 10 00 

Oours Elementaire de Physique. 4 toIs., Iftno., annuals, arec figures dans le tezte. 



Souspresse 

An Elementary Treatise on Orystallography. niottrated with 108 Wood Bngrar- 



ings, printed on black ground. 8ro. London, 1648 • . . . 75 

Premiers Elements de Ohimie. 1 ToL, 18mo., aree figures dans le texte. Paris, 



1850 . . . . . . . . . . 1 25 

RciclieilbAck (BAr«B Oliarles.) Fhysico-Physiological Researches on the Dyna- 
mics of Magnetism, Electricity, Heat, Light, Crystallisation, and (%emism. In their Rela- 
tions to Vital Force. The complete work, from the German second edition, with additions, 
a prefooe, and critical notes, by John Ashbumer, M J>. 8to. With woodcuts and one 
plate. London, 1850 ... . . . . . 3 00 

Reid (D« V«) lUustrations of the Theory and Practice of Ventilation, with remarks on 

Warming, EzcluslTe Lifting, and the Oommunication of Bound. 8to. London, 18A4 . 4 80 

■' Rudiments of Chemistry, with illustrations of the Chemistry of Daily Life. 4Ui 

. edit. limo. London, 1851 . . . . • . . 75 

Repertoire de PHariBMsle. OtoIs. 8to. 1846-1650 . . 7 50 

RicliArdeeii (C» jr.) Popular Treatise on the Warming and Ventilation of Buildings. 

18 plates. 8TO., hi. cf. London, 1881 . . . 8 00 

Rintenl (A* IV*) A Guide to Painting Photographic Portraits, Draperies, Background, 

etc., in Water Color. With colored diagrams. 18mo. 1855 . . . 50 

Roberts (W« !«•) Scottish Ale Brewer and Maltster. 8ro. London . 5 00 

Robertson (H*) A General View of the Natural History of the Atmosphere, fto. 2 

Tols., 8vo., cf. Edinburgh, 1808 . . . . . 2 00 

I (If*) Traite pratique d'analyse chlmique, suiri de tables servant dans les analyses 
a cajculer la quantite d*une substance d'apres celle qui a etc trouree dans uue autre 
substance ; .traduit de I'allemand sur la quatrieme edition par A. J. L. Jourdan. Nou- 
Telle edition, arec des notes et additions, par M. Peligot, professeur de chimie au Oon- 
senratoire des arts et metiers. 2 rols., 8vo., fig. Paris, 1848 

" ■ ' Practical Treatise on Chemical Analysis, including Tables for calculations in Ana- 
lysis. With notes and additions by A. Normandy. 2 toIs., 8to., cloth. London . 10 25 

■■ '■ Analytical Manual of Chemistry, by Griffin. 8to. London • • . 4 75 

AusfUhrllches Handbnch der Analytiscbes Cbemie. 2 Tois., 8ro«, hf. bound calf^ 



Braunschweig, 1851 ... . . • <. . . . 8 00 

Roeeleur ()^.) Manipulations Hydroplastiques. Guide pratique du dorenr, de Pargen- 
teur et du galranoplastie (avec 90 figures en galvanoplastie intercalees dans le texte). 
8vo. Paris, 1856 . . . . . . . . 8 75 

Ranife (F« F«) Chemistry of Dyeing. Part 1, 8vo. London . . . . . 1 50 

Bylond (A«) Treatise on Assay of Gold and Silver Wares. Po8t8vo. London, 1852. 175 

Sabine (£•> Magnetical Observations at Hobarton. Vol. 2, royal 4to. London, 1852 . 12 00 

Soec (F«) Precis Elementaire de Chimie Agrioole. 2e edit. 12mo. Paris, 1855 . 1 00 

Safety Itamps for minerev etc* Knapp*s Chemical Technology. VoL 1. 1856 9 00 

Sandere (Dr. JT* iff.) Practical Manual on the Use of the Blowpipe 
WiU be published in January, 1867. 

Santtai* Teorica degli ol^ettivi acromaticl. 4to . . . . • QQ 

Scheerer (T.) An Introduction to the Use of the Blowpipe ; together with a descripi 
tion.of the Blowpipe, characters of the important minerals. Translated by H. L. Blafi* 
chard. l«mo. Loudon, 1866 . . . . " ^ \ **^ ^^^ - 
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Sclioe«ll«r and Bledlaclc* The Book of Nature ; an elementary IntrodaeUon to the 

Sciences of Physics, Astronomy, Gheous try, ike., Ao. Svo. London, 18&1 . ,8 60 

Seliroder (H*) Die Molecularvolume der Chemisohen Yerfoindungen im fasten and fliu- 

sigen Zustande. Svo. Mannheim, 1848 . * . . . • 1 00 

ScoflTern. Ohemistry of the Imponderable Agents ; inclnding the Princii4ee of Light, 
Heat, Electricity, and Magnetism. Svo. London, '18fi6 . • • • 

— — — — Manufacture of Sugar in the Oolonies. Svo. London • . 

— — -~— Elementary <%emistry of the Imponderable Agents and of Inorganic Bodies. Svo. 
London, 1855 ......... 

Chemistry no Mystery. 12mo. London 



1 00 


82S 


IM 


100 


8 00 


87 


500 


160 


»00 


19 00 


6 50 


150 


1 00 



Scoretfbjr ( W.) Magnetical Investigations. 8 vols., Svo. London, ISOi . 

SUeir (Joliii)* Directions for Testing Oane-Juice. 12mo., cloth • • • 

Siuce (A«) Instinct and Reason ; deduced from Electro-Biology. Svo., doth . 

Elements of Electro-Metallurgy. Illustrated with woodcuts. Svo., cloth • 

Smifli (K« •§•) Italian Irrigation ; being a Report of the Agricultural Oanals of Pied- 
mont and Lonibardy ; addressed to the Directors of the East India Oompany. 8 vols. 
8vo., and plates, folio, cloth. iSdinburgh, 1855 • • • . . 

Siiiitli(0«) Practical Dyer's Ouide. Svo. London • • . . 

Dyers* Instructor. 12mo., London ..•••• 

M<>ll]r(E.) Introduction to Rural Chemistry. Svo. London • • • 

— — —— Syllabus of Lectures on Chemistry. Svo. London . • • 

S[i«ub« trail* Traite de Pharmacie theorique et pratique. 8e edition. 9 forts vol. Svo., 

avec 08 fig. imprimees dans le texte. Paris, 1847 . . . . . 4 00 

— — >— Precis eleraentaire de Physique. .2e edit., augmentee. 1 vol., Svo., avec 18 

planches 4to. Paris, 1844 . . . . . . . 1 85 

Sutton (T«) The Calotype Process : a Handbook of Photography on Paper. Svo. Lon- 
don, IbdO .*. . • . . • . . 

Sivoden borgm Principles of Chemistry. Svo. London .... 

Xable« generates des Comptes Rendus des seances de 1' Academic des Sciences, publlees pnr 
MM. les secretaires perpetuels, conformement a une decision de l*Academie, en date du 
18 Juiiiet 1885. Tomes 1 a 81. 8 aout 1885 a 80 decembre 1850. 4to. Paris, 1854 

Taardicu (A>) Yoiries et cimetieres. Svo. Paris, 1853 .... 

Xmte (T«) Tlie Little Philosopher ; or, the Science of Familiar Things ; in which the Prin- 
ciples of Nature and Experimental Philosopliy are Systematically Developed froui the 
Properties and Uses of Familiar Things. Vol. 1. 18mo. London, 1855 

— — — (C*) Theory and Experiments in Chemistry. Svo. London • • • 

'1 lienard. Traite de Chhnie elementaire. 69 edit. 5 vols. Paris, 1834-6 • 
Very scarce. 

Tliieilie (F. !¥•) Die Physlk in ihre Besiehung sur Chemie, oder di^enisen lehren der 
Physik, Ac. Svo. Lelpaig, 1840 ...... 

Tlioiusoil (T») Practical Dyer's Assistant. 12mo. London 

Chemistry of Organic Bodies— Vegetables. 1 large voL, Svo., pp. 1092, boards. 

London, 188S ......... 

Heat and Eleetrieity. Sd edition. 1 voL, Svo. Illustrated with woodcuts Lon- 



don, 1889 

— — Chemistry of Animal Bodies. Svo., cloth • . 

History of Chemistry. 2 vols. lUmo. Scarce 

— Treatise on Brewing and Distillation. Svo. London 

——' Elements of Chemistry. Svo. London . • 

First Principles of Chemistry. 2 V(^., Svo. London 

Outlines of Mineralogy, Geology, Ac. 8 vols., Svo. . 

■ ' System of Inorganic Chemistry. 2 vols., Svo. London 

— — - System of Chemistry. 4 vols., Svo. London • 
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1 00 


1 12 


650 
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75 
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600 
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9 50 


12 .V> 
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Tlioiii«otB (K* no Cyclopaedia of Chemistry, Practical and Theoretical, including 
the Application of the Science to the Arts, Mineralogy, and Physiology. Svu., wiiii 
illustrations. London, 1854 . . . . . . . 8 70 

Tliorntlklirnlte ( W« H«) A Guide to Photography : Simple and Concise Directions 

for obtaining Views, Portraits, Ao. 9tli edit. 12mo. London, 1856 . . .80 

TiZ3rd(4% • I^.) Theory and Practice of Brewing. 2nd edit. Svo. London, 1846 • 7 50 

■ Brewtr's Journal. London, 1864 . . . . . . 8 25 

'JTolhaiiscn et Oardissal. Dictionnaire Technologique. Francals-Anglais-AIle- 

uiund. 3 vols., 12iiio. Paris 180.'> . . . . . . 5 00 

Toiiilinneii H\) Cyclopaedia of Usefiil Arts, Mechanical and Chemical, Manufactur- 
iiig. Mining and Engineering. 2 vols., Svo., with splendid steel plates and woodcuts. 
Loudon, 1854 . . , . . , . . 12 OC 
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TroiBcmn •t HeT^ll* Tralte de i'art de fomnter, eominrenant det notloni de Phar- 

limo. 1861. . . . • • • . 1 35 



Tmni0r ( E •) Slementa of Ohemiatry, Indading the actual State and prevalent Doctrines 

oftbeSeienee. Sthedit. Edited by Baron Liebig and Dr. Greflpory. 8ro. cloth . 9 00 

1Jr« (A*) A Dictionary of Arts, Manufactures, and Mines, containing a clear Exposition 
of thefar Principles and Practice. 4th edit. , corrected and greatly enlarged. % vols., 8to., 
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